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Abstract                iv 
Abstract 
 
The Lusushwana River, which is within the Maputo River Basin, forms the western boundary 
of Matsapha, the most industrialized town in Swaziland. Current findings suggest that the 
Lusushwana River is polluted by industries within the town. What is not clear is the 
establishment of an association between the industries and the river quality, the extent of 
pollution in the river, and whether the river can meet national water quality objectives. Further, 
literature implies that the pollution causes impacts on the riverine ecosystem, health and 
livelihoods of the riparian communities; and that environmental monitoring, application and 
enforcement of legislation are weak. There is therefore a need for a detailed investigation on 
the pollution of the Lusushwana River to establish whether there is an association between the 
industries and the river quality; and the health and livelihoods impacts on the riparian 
communities and riverine ecosystem, with a view to recommending intervention measures to 
minimize the pollution taking into account social, technical, environmental, financial and 
institutional factors. 
 
The research was carried out at Matsapha, Swaziland. A mixed research methodology was 
adopted, which enabled the researcher to employ multiple data collection methods, which in 
turn provided the opportunity for data triangulation and as such enhanced the study‘s rigour, 
validity and reliability. The research took a deductive approach, and entailed a longitudinal 
experimental and cross-sectional survey design. Non-probability sampling methods in the form 
of snowball and purposive sampling were used to select an appropriate and representative 
sample that can be generalized. Data were collected using technical experiments, biotic index, 
semi-structured open ended questionnaires, interviews, and field observations. The 
questionnaires were self administered to 121 riparian communities‘ households, 3 
environmental monitoring agencies and 26 proprietors of companies at Matsapha. 
Additionally, 15 key informants were interviewed. Water and wastewater samples were taken 
along the Lusushwana River, and at the wastewater treatment plant and industries. 
 
Statistical analysis of the data using PASW  Statistics and Microsoft Excel led to the various 
findings from the research. The findings confirm the claim from literature that the 
anthropogenic activities at Matsapha pollute the Lusushwana River. The evaluation of the 
Lusushwana River showed microbiological, physical, organic and inorganic pollution to be 
most acute; but concentrations of heavy metals such as cadmium were low. The biotic index 
showed the absence of macro-invertebrate species (e.g. damselflies) that are highly sensitive 
to oxygen-depletion pollution. The riparian communities suffer human health impacts, 
especially diarrhoea and skin problems, and are restricted in meeting their domestic and 
livelihood water needs by the quality of the Lusushwana River.  
 
This study has led to the conclusion that the Lusushwana River is polluted by the 
anthropogenic companies in the Matsapha industrial estate, but has revealed that there is also 
pollution upstream of Matsapha. The companies at Matsapha have environmental 
management procedures that are insufficient or ineffective; environmental awareness, 
education, monitoring and legislation enforcement is lacking, the riparian communities suffer 
health and livelihood impacts, and their complaints are not effectively addressed. Therefore 
the study recommends that effective monitoring, legislation enforcement, and collaboration of 
all stakeholders should be used to achieve effective wastewater management and to minimize 
pollution of the Lusushwana River and the associated impacts.  
 
The empirical findings of the study regarding the pollution of the Lusushwana River and its 
impacts on the riparian communities, as well as the need for effective monitoring, enforcement 
of legislation and collaboration of the stakeholders contribute to professional knowledge, 
academic research, policy and practice. Potential areas recommended for further research 
include studies on assessment of companies that need pre-treatment in order to minimize 
environmentally significant discharges into the Lusushwana River; and on how much pollution 
the river can receive and still meet national water quality objectives.  
Keywords: Matsapha Industrial Estate; Lusushwana River; Anthropogenic Water 
Pollution; Impacts on Riparian Communities; Environmental Monitoring,  Legislation 
Enforcement, Control Measures.                                                                        
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Chapter 1: Introduction 
 
1. 1 Background to the Research 
Since about 1960, anthropogenic activities, mainly agriculture, urban and industrial 
development have altered freshwater ecosystems more rapidly and extensively than in 
any other period in history (MA, 2005). Globally, the six most dominant and alarming 
anthropogenic threats to freshwater ecosystems are: water infrastructure, over-extraction, 
climate change, invasive species, over-fishing and anthropogenic pollution (Wong et al. 
2007). Out of the six threats mentioned, the concern of this study is anthropogenic 
pollution, which has been defined as: “The man-made or man-induced alterations of the 
chemical, physical, biological, or radiological integrity of water” (US Clean Water Act, 
1972). As illustrated in Table 1.1, a number of physical, chemical, and microbial pollutants 
such as nutrients, heavy metals, organic, inorganic, and feacal contaminants from 
anthropogenic activities can reduce the integrity of freshwater ecosystems, and are 
potentially harmful to humans and ecosystems health (UNEP Gems/Water Programme, 
2007:2008; Revenga et al. 2000; Björklund et al. 2009; Meybeck, 2004). Thus globally 
there is an ever increasing need and urgency for improved management of freshwater 
ecosystems (Wong et al. 2007). 
 
Table 1.1: Relationship Between Human Activity by Economic Sector & 
Consequences of these Activities to Freshwater Ecosystems 
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Agriculture × × ×   × × ×   ×   
Urban Use × × × ×  × × ×   × ×  
Forestry × × ×        ×   
Hydroelectric Power 
Generation & Water Storage 
× × × ×     ×    × 
Mining × × × × ×   ×  ×    
Industries × × × × ×  × × × ×  ×  
Source: UNEP Gems/Water Programme, 2008 
 
In Swaziland, freshwater ecosystems pollution is on the increase as a result of 
urbanization, industrial, and agricultural anthropogenic activities (MTEC, 2001). The Joint 
Maputo River Basin Water Resources Study (JMRBWRS) (TPTC, 2008) alleges that in 
the Maputo River Basin (Figure 1.1) containing 3 major river basins in Swaziland: Usuthu, 
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Umpuluzi/Mpuluzi, and Ngwavuma, surface water quality is reduced because of pollution 
by anthropogenic activities mostly within the basin. The JMRBWRS (TPTC, 2008), shows 
widespread water quality issues including salinisation; nutrient enrichment; total 
suspended solids; turbidity; microbial, organic, and hydro carbon pollution; high pH and 
sulphate concentrations; and suggests that the rivers within the basin should receive 
urgent management attention.The Usuthu River Basin carries a number of tributaries 
including the Lusushwana River. The Lusushwana River (referred to as a unit of analysis 
in this report) is the focus of this research as it is the best example of a river at risk from 
anthropogenic pollution in Swaziland. This is because the Lusushwana River passes 
through Matsapha (the specific area of the study), the largest and most dynamic industrial 
estate in Swaziland (Figure 1.2). 
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Figure 1.1: Maputo River Basin Locality Map Showing Usuthu, Mpuluzi and Ngwavuma River Basins in Swaziland 
Source: TPTC, 2008 
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Figure 1.2: Matsapha Structure Plan Showing the Industrial Estate and Water Courses 
Source: Building Design Group, 2007 
©Mhlanga-Mdluli, P.P. 2012 
 
1. 2 Research Problem, Hypotheses, Questions, Aims & 
Objectives 
 
1.2.1 Reseach Problem  
The Joint Maputo River Basin Water Resources Study (TPTC, 2008), believe that the 
rivers: Lusushwana (referred to as a unit of analysis in this study), Usuthu, 
Mpuluzi/Umpuluzi, Ngwempisi, Ngwavuma, and Mkhondvo (Figure 1.3) should receive 
management attention as they suffer pollution from the anthropogenic activities within the 
basin. Various studies on the assessment of the water quality of the Lusushwana River 
have been conducted (TPTC, 2008; IC Development 2007:2009; First Environment 
Consultants, 2007:2009; Mazingira, 2009; MNRE, 2007; MTEC, 2001; Mushala, 2009; 
Zwane, 2006; Dlamini, 2008; Sithole, 2009; Mthimkhulu, 2009; Mwendera et al. 2002; 
Mansuetus et al. 2001; Mushala, 2000; Matsebula, 1998; Dlamini, 1997; Mtetwa, 1996; 
Mavimbela, 1992), which claim that the Lusushwana River is polluted, and blame the 
pollution to the Matsapha industries. The studies claim that industries at the Matsapha 
industrial estate discharge untreated and/or partially treated wastewater into the 
Lusushwana River.  Further, the studies claim that the deteriorated water quality of the 
Lusushwana River is causing health, livelihood, as well as riverine ecosystem impacts. 
However, the studies do not identify the anthropogenic sources of pollution to the 
Lusushwana River at Matsapha, fail to establish an association between the industries 
and the river quality; lack scientific/empirical evidence on the extent of pollution in the 
Lusushwana River; and do not establish the pollution impacts on the riverine ecosystem, 
health and livelihoods of the riparian communities to validate the claims. Therefore, there 
is an imperative need to uncover the pollution sources at the Matsapha industrial estate, 
establish an association between the industries and the river quality, measure the extent 
of the pollution in the Lusushwana River, establish how much pollution (total daily 
allowable limit) the Lusushwana River can receive and still meet water quality objectives, 
assess the perceived health and livelihoods impacts on the riparian communities and 
riverine ecosystem, and recommend practical actions and interventions to minimize the 
pollution. Thus, the problem addressed in this research is: 
 
“What are the anthropogenic sources of pollution to the Lusushwana River and the 
associated pollution impacts on the riparian communities; and what actions can be taken 
to minimize the pollution?” 
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Figure 1.3: Swaziland Rivers Locality Map Showing Lusushwana, Usuthu, 
Mpuluzi/Umpuluzi, Ngwempisi, Ngwavuma, and Mkhondvo Rivers 
Source: FAO-AQUASTAT, 2005  
 
1.2.2 Hypotheses  
The choice to use either research questions or hypotheses is usually left to the researcher 
(Sproull, 1995). In this research, both research questions and hypotheses are used, with 
the view to buttress the answers provided to prove the hypotheses and to develop 
subsidiary research questions. Hypotheses predict relationships between variables while 
research questions ask if a relationship exists (Sproull, 1995). Hence, the researcher is of 
the view that the hypotheses and research questions complement each other in that the 
research questions are interrogative while the hypotheses are statements that can be 
tested. The assumptions made about the research problem statement are based on the 
hypotheses developed for this study, stated as:  
1. ―The anthropogenic sources of pollution to the Lusushwana River and the 
associated impacts to the riparian communities can be identified.‖ 
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2. ―A combination of monitoring, legislation enforcement, and collaboration of 
stakeholders could achieve effective wastewater management and reduction of 
pollution of the Lusushwana River. ― 
 
These hypotheses are based on critically reviewing the literature in Chapter 2.  
 
1.2.3 Research Questions 
 
1.2.3.1 Primary Research Question 
This research is aimed at addressing the prime question below: 
 “What are the anthropogenic sources of pollution to the Lusushwana River and the 
associated pollution impacts on the riparian communities; and what actions can be taken 
to minimize the pollution?” 
In answering the question, it can be posited that the sources of anthropogenic water 
pollution can be identified, their impacts assessed; and that effective monitoring, 
legislation enforcement, and collaborative actions by the stakeholders could minimize the 
pollution of the Lusushwana River at Matsapha. 
 
1.2.3.2 Subsidiary Research Questions  
Mackenzie (2000a; 2000b) and Saunders et al. (2006) state that most research yields 
ambiguous conclusions because researchers do not set questions that would yield 
meaningful results. In order to overcome this inadequacy, Punch, (1998) and Saunders et 
al. (2006) suggest that subsidiary research questions could be developed in order to: 
 Systematize the investigation and give it direction and coherence; 
 Delimit the research scope and define its boundaries/parameters; 
 Maintain rigour of the literature review and of the data gathering process so that 
the research yields valid and reliable results; 
 Point to the types of data to be collected and data analysis methods to be used; 
 Provide a framework for writing up the thesis; and 
 Focus the researcher to make explicit, logical, and unambiguous conclusions that 
will lead to appropriate actions taken to remedy the deficiencies that the research 
will reveal. 
 
Based on these principles, the subsidiary research questions that would be used to 
investigate the research problem are shown in Table 1.2 (under the study objectives in 
Section 1.2.5). The subsidiary research questions are phrased with the research 
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objectives in order to achieve greater specificity, rigour, prescision, and control of the 
research enquiry (Saunders et al. 2006).  
 
1.2.4 Study Aims  
The principal aims of this study are: 
1. To establish the athropogenic sources of pollution to the Lusushwana River at 
Matsapha, and whether there is an association between the Matsapha industries 
and the river quality; and the impacts the pollution have on the riparian 
communities downstream of Matsapha.  
2. To recommend practical actions and interventions that can be adopted to minimize 
water pollution by the anthropogenic activities at Matsapha, taking into account 
social, technical, environmental, financial, and institutional (STEFI) factors.  
 
1.2.5 Study Objectives  
Saunders et al. (2006) suggest that, in addition to the research questions, research 
objectives may be developed in order to set the researcher‘s clear sense of purpose and 
direction. Further, research objectives lead the research questions to specificity, rigour, 
and precision which the questions alone could not have achieved. However, a suggestion 
is made that objectives should pass a ―SMART‖ test, (Maylor and Blackmon, 2005; 
Saunders et al. 2006). Hence, the objectives should be: 
Specific: - what precisely does the researcher hope to achieve from undertaking the 
research? 
Measurable: - What measures will the researcher use to determine whether he/she has 
achieved his/her objectives? 
Achievable: - Are the target the researcher has set for himself/herself achievable given all 
the possible constraints? 
Realistic: - Given all other demands upon his/her time, will the researcher have the time 
and energy to complete the research on time? 
Timely: - Will the researcher have time to accomplish all his/her objectives in the time 
frame he/she has set? 
 
The ―SMART‖ test was considered in developing the various objectives for this study by 
means of phrasing the research questions into the research objectives. Thus, the 
objectives that focus the research questions, and contribute to achieving the research 
aims are shown in Table 1.2. The table shows how phrasing the research questions into 
research objectives would lead the research questions to a greater specificity, and 
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operationalize the matching research questions more rigorously. Further, phrasing the 
research questions into research objectives would help in focusing the research 
investigation, and lead to effectiveness in questioning. As a result, this would lead into 
concrete findings and recommendations (Saunders et al. 2006). 
 
Table 1.2: Phrasing Subsidiary Research Questions into Research Objectives 
SUBSIDIARY RESEARCH QUESTIONS RESEARCH OBJECTIVES 
1. How do the characteristics (quality and quantity) of 
wastewaters discharged by anthropogenic activities at 
the Matsapha industrial estate affect the water quality 
of the Lusushwana River at Matsapha? 
1. To determine the nature (character) and scale 
(level) of anthropogenic pollution in the Lusushwana 
River at Matsapha. 
2. What are the stakeholders‘ perceived perceptions 
about the water pollution of the Lusushwana River at 
Matsapha? 
2. To determine the stakeholders‘ perceived 
perceptions about the water pollution of the 
Lusushwana River at Matsapha. 
3. What are the anthropogenic sources of pollution 
and pollution pathways to the Lusushwana River at 
Matsapha? 
3. To establish the anthropogenic sources of 
pollution and pollution pathways to the Lusushwana 
River at Matsapha. 
4. What are the characteristics (quality) and quantities 
(scale) of the wastewaters discharged into the 
Lusushwana River at Matsapha; what treatments do 
the wastewaters receive prior to disposal, and why; 
and how effective are the treatments? 
4. To determine the characteristics and quantities of 
the wastewaters discharged into the Lusushwana 
River, the types of treatment the wastewaters receive 
prior to disposal, the reasons for the treatments; and 
the efficiency of the treatments.  
5. What is the association between the industries and 
the quality of the Lusushwana River at Matsapha; and 
how much pollution (total maximum daily load [TMDL]) 
can the Lusushwana River receive and still meet 
water quality standards? 
5. To establish the association between the 
industries and the quality of the Lusushwana River at 
Matsapha, and the maximum amount of pollution 
(total maximum daily load [TMDL]) that the 
Lusushwana River can receive and still meet water 
quality standards. 
6. What are the perceived pollution impacts of the 
riparian communities downstream of Matsapha using 
the Lusushwana River for domestic and livelihood 
purposes; and how are their (riparian communities) 
complaints on pollution addressed? 
6. To assess the perceived pollution impacts of the 
riparian communities downstream of Matsapha using 
the Lusushwana River for domestic and livelihood 
purposes; and identify how their complaints on 
pollution are addressed. 
7. What resources, programmes and legislation are 
available for effective wastewater management and 
pollution monitoring at Matsapha? 
7. To determine the resources, programmes, and  
legislation available for wastewater management and 
pollution monitoring at Matsapha. 
8. What are the drivers and barriers to effective 
wastewater management and pollution monitoring at 
Matsapha? 
8. To determine what constrain (as barriers) and 
enhance (as drivers) effective wastewater 
management and pollution monitoring at Matsapha. 
9. What contemporary pollution monitoring 
instruments, incentives, and disincentives are needed 
to achieve reduction in pollution of the Lusushwana 
River at Matsapha? 
9. To determine appropriate interventions that are 
needed to achieve reduction in pollution of the 
Lusushwana River at Matsapha. 
Source: Developed by the Researcher for this Study 
 
1.2.6 Research Originality & Contributions to the Body of Scientific 
Knowledge, Policy & Practice   
As discussed in Section 1.2.1 various studies claim that the Lusushwana River at 
Matsapha is polluted and blame the pollution to the industries within the Matsapha 
industrial estate. Further, the studies believe that the poor river quality is causing pollution 
impacts on the riverine ecosystem, health and livelihood of the riparian communities 
downstream of Matsapha. However, the studies fail to establish an association between 
the Matsapha industries and the Lusushwana River quality; and the impacts the pollution 
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have on the riparian communities downstream of Matsapha. Hence, conducting the first 
empirical study of anthropogenic pollution of the Lusushwana River, and assessing the 
pollution impacts on the riverine ecosystem and riparian communities downstream of 
Matsapha makes this research original and contributes to the body of scientific 
knowledge, policy and practice about environmental pollution in Swaziland. The details on 
the contributions to the body of scientific knowledge, policy and practice are discussed in 
Chapter 6 Section 6.4 (under Research Conclusions). 
 
1. 3 Justification & Potential Benefits for the Research 
A study of Matsapha and the Lusushwana River has relevance to effective industrial 
wastewater management; protection of surface water resources, as well as human and 
ecosystem health; and socio-economic development in Swaziland. More than 60% of 
Swaziland‘s population live on less than US $1 per day (WHO, 2002; Swaziland Human 
Development Report, 2000; MEE, 2006). Therefore it has been the Swaziland 
Government‘s priority to create jobs and elevate the country‘s economy. Matsapha 
contains the largest industrial companies, potable water purification plant, and hydro-
power generation station in Swaziland. Also, commercial and subsistence farming is 
practised at a large scale in Matsapha. As such, the companies at Matsapha play a major 
role in making a positive contribution to Swaziland‘s economy through Gross Domestic 
Product (GDP), foreign direct investment (FDI); job and wealth creation; and food security. 
For instance, in 2003/4 Swaziland‘s GDP growth rate for agriculture and forestry was 
15.61 %, and for industry and manufacturing it was 55.64 % (MEE, 2006). As alleged by 
various reports, (IC Development, 2007:2009; Mazingira, 2009; Mthimkhulu, 2009; TPTC, 
2008; MNRE, 2007), the negative effects of industrial development at Matsapha are that 
polluted effluents are discharged into the Lusushwana River with impunity, and the 
riparian communities suffer health and livelihoods impacts. Literature shows that 
approximately 80% of all diseases in developing countries are water related leading to an 
estimated 1.7 million deaths each year (Gurria, 2007).  
 
The Lusushwana River forms the western boundary of the Matsapha industrial estate, the 
industries slope gently towards the Lusushwana River making it a convenient sink for 
wastewater disposal. The Swaziland Government‘s top priorities regarding Matsapha are 
industrial expansion and factory shells development to boost foreign trade investment, 
and reduce unemployment (Times of Swaziland, 2010). However, there seems to be no 
consideration of environmental impacts and mitigation measures. For instance, in the 
2010/11 financial year, the Swaziland Government has set aside a staggering E32 million 
(approximately $5 million US Dollars) for expansion of Matsapha industrial estate, but 
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there are no considerations on how the new wastewater would be managed (Times of 
Swaziland, 2010). Literature states nominally, without empirical study, that the 
Lusushwana River receives wastewater discharges input from a wide range of industrial 
companies at Matsapha, which characterise the stretch of the river, and puts a strain on 
the Lusushwana River affecting a large assemblage of aquatic organisms not to mention 
human population downstream (IC Development, 2007:2009; Mazingira, 2009; 
Mthimkhulu, 2009; TPTC, 2008; MNRE, 2007). Also, literature suggests that 
environmental monitoring and legislation enforcement seem to be lacking at Matsapha, 
but fail to substantiate this claim (Mazingira, 2010; IC Development, 2010; TPTC, 2008). 
Thus, this implies that there is the need for a detailed study to investigate the 
anthropogenic sources of pollution in Matsapha, establish the association between the 
industries and the river quality, establish the pollution impacts on the riparian communities 
due to anthropogenic pollution of the Lusushwana River; and to determine appropriate 
interventions and practical actions that are needed to encourage reduction in pollution of 
the Lusushwana River at Matsapha. 
 
Matsapha would give a population of sufficient size as it is a host to a large part of 
Swaziland‘s industrial activities. This would enable the researcher to choose a varied and 
representative sample on the types of activities, and the results would be legitimately 
generalizable to a larger population. The study is therefore significant as it will address a 
pollution problem by assisting the stakeholders at the Matsapha urban area to manage 
their wastewater in a more sustainable manner. At the same time, this will improve quality 
of life of riparian communities, and increase the Swaziland‘s knowledge and skills on 
sustainable water resources management. This research will not adopt a single 
perspective but will take a holistic approach, considering social, technical, environmental, 
financial, and institutional factors. Such a holistic approach is necessary to provide a full 
overview of the situation. The study is developed upon an acceptable highly structured 
scientific approach, and is designed to be systematic, rigorous, valid, reliable, replicable, 
significant, and ethical, so that the findings are credible and conclusive. Findings from 
such a credible and reliable study would help provide effective control of water pollution at 
Matsapha; and reduce water degradation, harm to flora and fauna as well as ensure good 
health, and contribute to sustainable socio-economic development. At the same time, this 
will ensure that the Lusushwana River can be utilized sustainably by the present and 
future generations for meeting their socio-economic needs. The study and its 
recommendation may be applicable and replicable to other developing countries with 
similar environmental problems. 
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1. 4 Research Methodology Outline 
This sub-section simply outlines the research methodology selected for this research. The 
details of the methodology are discussed in Chapter 3 (under Research Methodology and 
Design). Both qualitative and quantitative research methodologies were adopted for this 
study. The use of mixed methods in a single study is a common feature nowadays and is 
justified on the premise that the methodologies, when used together, complement each 
other through triangulation, which increases the chances of obtaining valid and reliable 
answers to the research questions raised. Furthermore, use of a combination of 
methodologies enables the researcher to make better and stronger inferences from the 
research findings (Tashakkori et al. 2007; Brink, 2006; Yin, 2003; Fellows and Liu, 2003).   
 
This research answers the What? Why? and How? questions. The What? questions 
indicate a qualitative exploration, discovery, and deeper understanding of the 
anthropogenic pollution impacts on the Lusushwana River and the riparian communities 
downstream of Matsapha. The Why? and How? questions suggest a quantitative 
explanation of why and how the problem occurs (cause and effect explanation) (Creswell 
and Plano Clark, 2007; Yin, 2003). The approach adopted to execute this research is 
based on a deductive research enquiry. An experimental and survey study design and 
strategy has been found appropriate for answering the research questions validly, reliably 
and unambiguously. Primary and secondary sources of data will be explored. For 
secondary data, the researcher will critically review the literature relevant to the research 
subject. Primary data will be obtained through technical experiments, survey in the form of 
semi-structured open ended questionnaires, field observations and key informant 
interviews. The quality of the research shall be checked for validity, reliability, and 
applicability aspects. Ethical issues will be discussed under the principles of voluntary 
participation, informed consent, no harm to participants, and confidentiality/anonymity.  
 
1. 5 Structure of the Report   
As suggested by Mingers (2000) and Saunders et al. (2007), this thesis is organized 
thematically and linked in such a way that it will be logical to the reader. The report follows 
the research process firmly but the research process is not totally linear as literature 
review and refining of the research problem continues throughout the research. The 
researcher has adopted the structure of a thesis based on that recommended by Perry 
(2002). The report is organized into six major chapters and is structured so to present a 
logical process or order to the research investigation, findings and conclusions, which is 
outlined in Figure 1.4 below.  
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Chapter 1 provides the introduction and background to the report, the research question, 
hypotheses, aims and objectives and justification for the study. It indicates the philosophy 
and procedures of research, contributions to the body of scientific knowledge, policy and 
practice; and the study methodology and approach. This is followed by Chapter 2 which 
addresses the different theoretical aspects of relevant literature which are critically 
reviewed. From critically reviewing the literature, gaps and scientific knowledge are 
established and these are used to develop the research questions and hypotheses. 
Further the chapter indicate the legal and institutional water resources management 
framework in Swaziland. This is followed by Chapter 3 which is concerned about the 
research philosophy, design and methodology. The chapter presents the research design, 
and methodology used for this study. It also discusses the justification for the chosen 
methodology. The issue of validity and reliability of the research design are also explored. 
Further, ethical considerations are examined in the chapter as well. The chapter is 
followed by Chapter 4 which focuses on data analysis and presentation of results. Firstly, 
the chapter describes the structure and governance of Matsapha Local Government 
Authority by outlining aspects of the biophysical environment and identifying the different 
uses which may contribute to water pollution in the study area. Secondly, this chapter 
presents patterns of results and analyses them for their relevance to the research 
questions and hypotheses. Chapter 4 is followed by Chapter 5 which provides the 
discussions of the research findings with special reference to the hypotheses and each 
research question presented in chapter 1, and in relation to literature, and theory. Also, a 
reflection is made on whether the research answered the research questions, proved or 
disproved the hypotheses. Chapter 6 presents the study conclusions and discusses the 
implications of the study for theory, policy and practice. The chapter also addresses the 
study limitations, and suggests specific recommendations for the various stakeholders 
and for further research. 
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Figure 1.4: The Structure of the Thesis 
Source: Developed by the Researcher for this Study 
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1. 6 Definitions of Key Variables 
Various scientific terms are used in the subject of water and wastewater resources 
management, hence a glossary of important terms used in this study is provided for better 
understanding and clarity. Also noted (Perry, 2003; Kayaga, 2001) is that definitions of 
variables adopted by researchers are often not uniform, thus, key and controversial 
variables are defined below in order to establish positions taken in this research. These 
definitions shall underlie the data collection procedures and put boundaries around the 
findings.  
Water Quality: - ―The microbiological, physical, and chemical properties of water that 
determine the fitness for uses of a specific water source. These properties are determined 
by substances which are either dissolved or suspended in the water― (DWAF, 2000:2001). 
Wastewater Characteristics: - ―General classes of wastewater constituents such as 
physical, chemical, biological and biochemical‖ (Metcalf and Eddy, 2003). 
Parameter: - ―A measurable variable such as temperature (Metcalf and Eddy, 2003). 
Discharge: - ―The emission, deposition, disposal, addition or introduction into the 
environment of a contaminant directly or indirectly from any point source or diffuse source, 
whether stationary or mobile, and whether caused or permitted intentionally or 
unintentionally‖ (MTEC, 2005). 
Pollutants: - ―Substances causing damage to targets in the environment. The pollutant 
may be emitted from a source into the environment, through which it travels along a 
pathway till it reaches a target or receptor. The target may be man, or animal or plant life, 
or an inanimate structure‖ (Holdgate, 1979).             
Wastewater Effluent: - ―A combination of liquid or water-carried wastes removed from 
the residences, institutions, and commercial and industrial establishments, together with 
such groundwater, surface water, and storm water as may be present‖ (Metcalf and Eddy, 
2003). 
Unit(s) of Analysis: - ―The level of aggregation of the data collected during the 
subsequent data analysis stage‖ (Sekaran, 2003).  
 
1. 7 Research Scope, Key Assumptions and their 
Justifications  
This study has limited its investigation to anthropogenic water pollution at Matsapha, the 
major industrialized area in Swaziland. This study will not investigate the naturally 
occurring water pollution impacts such as drought, hurricanes, and climate change and 
variation, but impacts related to anthropogenic pollution. The Joint Maputo River Basin 
Water Resources Study (TPTC, 2008), alleges that pollution of the rivers Lusushwana 
                                                                                                                                         
  ©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 1: Introduction                - 16 - 
(referred to as a unit of analysis in this study), Usuthu, Mpuluzi, Ngwempisi, Ngwavuma, 
and Mkhondvo in the Maputo River Basin arise from the anthropogenic companies within 
the basin. This study is therefore focusing on water pollution of the Lusushwana River by 
wastewater effluent from the anthropogenic activities at the Matsapha urban area; and its 
impacts on the riparian communities.  
 
The research is guided by research questions, hypotheses, aims and objectives which 
shall be used to investigate the research problem. The research design of this study will 
be based on a flow of logic, and a number of assumptions, of all which should be coherent 
and stand up to the closest scrutiny. In order for the researcher to avoid making logic 
leaps, and false assumptions, particular attention will be paid into four logic steps 
(Raimond, 1993; Saunders et al. 2006): identification of the population, data collection, 
data interpretation, and the development of conclusions. In limiting the research scope, 
the research instruments employed in the study would involve semi-structured open-
ended questionnaires, technical experiments, observations, biological assessment, and 
key informant interviews which would be confined to inquiries about the units of analysis 
discussed below. 
 
1.7.1 Surface Water Resources at Matsapha Industrial Estate 
The Matsapha industrial estate is traversed by the Lusushwana River, and its tributaries: 
Tubungu Stream, Luntsantsama River, and Mnkhinkhomo Stream (Building Design 
Group, 2007). The study will mainly focus on the Lusushwana River, and its water quality 
shall be measured. In order to supplement the technical experiments, a biotic index, and 
field observations shall be conducted in order to determine the effects of pollution on 
macro-invertebrates and fish, detect any areas where pollution is particularly likely, and 
changes in the environment. The tributaries will not be studied in detail in this research, 
but may be used for the verification of anthropogenic pollution in the study area and may 
be recommended for further research.  
 
1.7.2 Companies at Matsapha Industrial Estate 
The units of analysis referred to in this sub-heading are: the wet industries; Matsapha 
wastewater treatment plant, sewer line, and Matsapha landfill. Literature shows that other 
wastewaters discharged directly into the Lusushwana River are storm water runoff and 
agricultural water returns, but, these will not be studied in detail in this research. The issue 
of agricultural water return falls under the subject area of agriculture and so is not 
considered in this study but may be recommended for further research. Dry industries and 
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their proprietors are not included in this study because the research problem is 
inappropriate to them, and therefore would not make significant contribution towards 
realizing the objectives of this research. This decision was appropriate so that the 
researcher makes viable recommendations, and clear conclusions based on findings from 
the appropriate population.  
 
1.7.2.1 Wet Industries 
Various reports (TPTC, 2008; First Environment Consultants, 2007:2009; IC 
Development, 2007:2009; Dlamini, 2005; UNECA, 2006; Pana Press, 2003; Yongenawe, 
2006; Dlamini and Joubert, 1996; Mtetwa, 1996; Mushala, 2000; Zwane, 2006; Mazingira, 
2009) allege that the Matsapha industries discharge untreated or partially treated 
wastewater into the Lusushwana River and thus cause pollution of the river and 
consequent impacts to the riparian communities and riverine ecosystem. Hence this study 
will establish the industries‘ association to the river quality through technical experiments. 
The wastewaters to be measured are from industries that discharge their effluents directly 
into the Lusushwana River and/or its tributaries. The technical experiments will be 
supplemented by surveys in the form of observation, key informant interviews, and 
questionnaire, which will be administered to the proprietors of the companies. Further, 
industries discharging their wastewaters into the sewer line for onwards discharge into the 
Matsapha wastewater treatment plant will be studied. These industries though not 
discharging their wastewaters directly into the Lusushwana River are selected because 
their study is necessary to establish whether there is an association between the 
Matsapha industries and the Lusushwana River quality; and to enhance and enrich the 
researcher‘s understanding and appreciation of the pollution of the Lusushwana River as 
the reports (stated above) are not specific on specific industries causing the pollution of 
the Lusushwana River. The industries of concern for this study include paper mills, 
petrochemical, beverages, mechanical, dairy, confectioners, pharmaceutical, cooking oil, 
and meat industries. These industries will be studied through observation, questionnaire 
surveys, and technical experiments. Also, technical experiments will be conducted on the 
wastewater treatment plant where these industries discharge their final wastewaters. 
 
1.7.2.2 Matsapha Wastewater Treatment Plant & the Sewer Line 
The Matsapha wastewater treatment plant, a biological treatment mechanism, directly 
receives effluent from the residential, commercial, institutional and industrial premises 
within Matsapha, and discharges its final effluent into the Mnkhinkhomo Stream, for 
onward discharge into the Lusushwana River. The riparian communities allege that the 
Matsapha wastewater treatment plant pollutes the Lusushwana River (Appendix 1.1) 
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(Mabuza, 2009). Hence, the allegation will be investigated through technical experiments 
to establish the association between the Matsapha wastewater treatment and the river 
quality.  
 
1.7.2.3 Matsapha Landfill 
The landfill cells drain leachate into the leachate pond (Enviro-fill, 2006). The leachate 
pond is designed to contain its leachate and discharge into the Matsapha wastewater 
treatment plant in heavy wet summer months. In winter, the leachate percolates and/or 
evaporates (Enviro-fill, 2006). Contrary, First Environment Consultants (2007) alleges that 
the leachate pond discharges its leachate into the Mnkhinkhomo Stream and then the 
Lusushwana River. Thus, the allegation will be investigated through observation and 
through technical experiments to establish whether there is  an association between the 
leachate pond and the river quality.  
 
1.7.3 Riparian Communities  
Various reports, (TPTC, 2008; First Environment Consultants, 2007:2009; IC 
Development, 2007:2009; Dlamini, 2005; UNECA, 2006; Pana Press, 2003; Yongenawe, 
2006; Dlamini and Joubert, 1996; Mtetwa, 1996; Mushala, 2000; Zwane, 2006; Mazingira, 
2009) allege that the riparian communities downstream of Matsapha who use the 
Lusushwana River for domestic purposes suffer health and livelihood impacts as a result 
of the pollution in the Lusushwana River. Other reports, (UNECA, 2006; Pana Press, 
2003; Yongenawe, 2006) allege that the communities have been complaining about the 
pollution of the Lusushwana River and its impacts but in vain. For these reasons, the 
riparian communities of Etingulubeni, Dwaleni (or Nhlambeni), and Ngonini who use the 
Lusushwana River for drinking, cooking, washing, recreation, irrigation, fishing, sand 
mining, and for animal husbandry form a unit of analysis in this study, and would be 
investigated using a semi-structured open ended survey questionnaires. The riparian 
communities are considered as a single unit or category and not 3 groups or cases. 
Riparian communities downstream of Matsapha who are serviced by various improved 
sources of water supplies are excluded from this study, and instead, focus is on those 
riparian communities directly affected, and who can provide information about their 
perceptions on the water quality as well as the perceived pollution impacts arising from 
using the Lusushwana River.  
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1.7.4 Environmental Monitoring Agencies 
Reports (TPTC, 2008; Mazingira, 2009; IC Development, 2007:2009) allege that there is 
lack of pollution monitoring and legislation enforcement at the Matsapha industrial estate. 
Hence, industries pollute the Lusushwana River with impunity. There is the need to 
confirm or deny these allegations. The environmental monitoring agencies that would form 
a unit of analysis in this study are only those mandated by legislation to manage and 
monitor the environment in the Matsapha urban area and are identified as the Matsapha 
Town Board, Ministry of Natural Resources and Energy-Water Resource Branch, and the 
Swaziland Environment Authority. These agencies would be investigated using a semi-
structured open ended survey questionnaires and interviews. Environmental monitoring 
agencies without jurisdiction over the Matsapha urban area and other agencies concerned 
with water development and/or allocation and environmental conservation (See Mwendera 
et al. 2002; TPTC, 2008 for comprehensive list) although their opinions and findings will 
be quoted where relevant do not form part of this study, as they are not directly involved in 
water and wastewater monitoring, and may lack the expertise in the subject investigated.  
 
Summary 
The discussion on the units of analysis shows that a number of boundaries were imposed 
in order to keep the research scope within manageable limits; and that the steps taken are 
based on logic and correct assumptions, and are systematic and rigorous. This would in 
turn ensure validity, and reliability of the conclusions made from the results. Table 1.3 
summarises what will and will not be included in this research. 
 
Table 1.3: Table Summarizing the Explicit Boundary of the Research  
INCLUDED IN THE RESEARCH EXCLUDED FROM THE 
RESEARCH 
Lusushwana River at Matsapha (and for verification its tributaries: 
Mnkhinkhomo Stream, Luntsantsama River & Tubungu Stream). 
 Ground water and improved 
water supplies 
 Dry industries  
  Irrigation water returns, storm 
water runoff, storm water 
drains, and mine drainage 
 All other environmental 
monitoring agencies 
Wet industries and their proprietors at the Matsapha urban area 
Matsapha landfill leachate pond  
Matsapha wastewater treatment plant and the sewer line  
Riparian communities of Dwaleni, Ngonini, and Etingulubeni which are 
downstream of Matsapha and use the Lusushwana River for their 
domestic and livelihoods purposes. 
Matsapha Town Board, Ministry of Natural Resources and Energy-
Water Resource Branch, and Swaziland Environmental Authority which 
are mandated by legislation to monitor the Matsapha urban area. 
Source: Developed by the Researcher for this Study 
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1. 8 Conclusion to this Chapter 
This chapter laid the foundation for this research. It has introduced the research problem, 
aims and objectives. It has also briefly discussed the theoretical perspective (the details of 
which are in chapters 2), which shows that available water resources are being depleted 
globally through anthropogenic activities which reduce their quality as well as cause 
pollution impacts. The research perspective shows that Swaziland faces similar 
challenges, hence the need for this study to outline effective interventions required in 
order to protect surface water quality. The study area is briefly introduced and justified. 
Subsequently, the research was justified, and its originality and contribution to the body of 
scientific knowledge, policy and practice stated. In the chapter, definitions critical to this 
research have been presented. The research methodology selected for undertaking this 
study was briefly described and justified, and shall be discussed further in chapter 3. 
Further, the structure of the report was outlined. Lastly, the research scope with their key 
assumptions were stated and justified. Subsequent chapters will further develop material 
introduced in this chapter. 
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Chapter 2: Literature Review 
 
2. 1 Introduction to this Chapter 
Chapter 1 presented a preamble to this study. This chapter aims to identify and critically 
review the theoretical/conceptual dimensions of relevant literature and discover research 
issues (hypothesis or propositions) from a new theoretical framework that will serve as 
basis of the research. The objectives of this chapter are to use available literature and 
materials published at international, national and local levels:  
 To explore this research parent and research problem theories; 
 To distinguish what has been done from what has not been done; identifying areas 
where current knowledge and understanding is lacking, limited, inconsistent, 
contradictory, biased, or inconclusive; and highlight clearly areas where further 
research is needed to provide new insights;  
 To develop this research problem theory and develop the research issues 
(propositions or hypotheses), and questions which will be used to focus data 
collection; and 
 To identify main methodologies and relevant techniques used in similar studies. 
 
2.2 Sources of Data & Literature Review Approach 
 
2.2.1 Sources of Data 
Secondary data in the form of literature will be explored to develop a theoretical 
framework. A critical review of the literature will help clarify the research questions and 
objectives as well as help formulate the research propositions. Saunders et al. (2006) 
state that a critical review of the literature is necessary to help the researcher to develop a 
thorough understanding of and insight into previous research that relates to the research 
questions, and the trends that have emerged. Further, the review of literature will set this 
research in context by critically discussing and referencing work that has already been 
undertaken, drawing out key points and presenting them in a logically argued way. Critical 
areas of significance will be highlighted as well as providing fresh insights. This will 
enhance the theoretical and methodological rigour of the study, thereby ensuring that the 
literature review is valid and reliable.  
 
The documents to be reviewed are divided into three literature sources (Saunders et al. 
2006) namely: 
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 Primary literature (also known as grey literature): - reports, theses, emails, 
conference proceedings, company reports, unpublished manuscript sources, and 
some government publications. 
 Secondary literature: - books and monographs, journals (also known as 
periodicals, serials and magazines), newspapers, some government publications 
and printed literature. 
 Tertiary literature (also called search tools or search engines): - indexes, abstracts, 
catalogues encyclopaedias, dictionaries, bibliographies, citation indexes and web-
based literature. 
 
2.2.2 Literature Review Approach 
This study adopts an integrative literature review approach recommended for 
postgraduate research by Perry (2002). A classification model presented by Figure 2.1 
was developed based upon the concepts recommended by Perry to identify parent 
theories/disciplines and research problem theories/disciplines to be critically reviewed in 
this study. The importance of first identifying these theories in a literature survey is 
emphasized by Perry and also by other writers (Philip and Pugh, 1987; Sekaran et al. 
1992:2003; Creswell, 1994). Philip and Pugh (1987) for instance, refer to the theories as 
background and focus theories respectively. According to Perry (2002), the parent 
theories should be relevant to solving the research problem and not be any mere 
background theory.  The research problem theory should also be immediate and focal to 
the research problem.  
 
The concept of parent and research problem theory is not new to the field of research as it 
has been applied by Kayaga (2001) in his PhD research. The concept of parent and 
research problem theory has been applied in this study through looking at key themes and 
key words on general surface water pollution and on specific pollution issues in 
Swaziland. This led to the identification of two parent theories which are classified as the 
state/outlook of freshwater ecosystems; and the key drivers of change, pressures and 
threats on freshwater ecosystems.  These two parent theories of the study are critically 
reviewed in this study and are further narrowed down to the research problem theory 
which addresses the anthropogenic pollution threat to the Lusushwana River. The 
research problem theory explores various issues including:  
 Anthropogenic water pollution sources and their pathways;  
 Anthropogenic water pollution impacts; 
 Physical, chemical and biological water and wastewater quality parameters; 
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 Water and wastewater quality analytical methods; 
 Water and wastewater quality standards and objectives; 
 Legislative and institutional frameworks; 
 Best environmental management practices; and 
 Instruments/approaches and frameworks/models applicable in wastewater 
management and water pollution monitoring used to address anthropogenic 
pollution from elsewhere.  
 
The parent and problem theories helped the researcher to develop the theoretical 
framework for this study and to discover the gaps in literature which lead to the 
development of the research issues (hypothesis or propositions), research questions, 
study aims and objectives. 
 
 
Figure 2.1: Relationship between parent theories and research problem theory and 
between research problem and research questions and hypotheses in this study 
Source: Perry, 2002 
                                                                                                                                         
  ©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 2: Literature Review                - 24 - 
2.3 Outlook of Freshwater Ecosystems  
Environmental issues relating to the state of freshwater include its availability in sufficient 
quantities and its qualities to meet environmental, domestic, industrial and agricultural use 
(Mushala, 2000). This section addresses mainly the quantitative aspects of the freshwater 
ecosystems to portray the scantiness of the freshwater resource and hence draw attention 
on the need to protect it. Freshwater ecosystems are: rivers, streams, lakes, ponds, 
groundwater, cave water, springs, floodplains, and wetlands (bogs, marshes, and 
swamps) (Wong et al. 2007). The first section therefore looks at the global picture, while 
the second section discusses the freshwater ecosystem in Swaziland where the study is 
focused. The freshwater ecosystem of interest in this study is the rivers. 
 
2.3.1 Global Freshwater Outlook 
For good planning and development, policy making and management purposes, the exact 
global figures for water quantity and availability should be clear (Connor and Rash, 2009). 
However, literature‘s position on global water quantity is still inconclusive (UNEP, 2007; 
Rodda, 1995). The only information on global water quantity and availability therefore 
remains only an estimate. According to Rodda (1995), the world‘s total volume of water is 
estimated to be 1 385 984.6 km3 × 103. Out of this figure, only 35 029.2 km3 × 103 (2.53 
%) is freshwater. The ocean is the source of most of the world‘s precipitation (rainfall and 
snowfall) and comprises 97.5 % of all waters (UNEP, 2007; WWAP, 2006; Shiklomanov 
and Rodda, 2003). This does not meet people‘s freshwater needs (UNEP, 2007). Even 
the available freshwater which forms 2.5% of the global water resource is not readily 
available for people‘s freshwater requirements (WWAP, 2006; Shiklomanov and Rodda, 
2003). According to Figure 2.2, the available freshwater from the rivers is very tiny (1.6%) 
in proportion to the global freshwater resource (Shiklomanov and Rodda, 2003).  
 
Globally, free-flowing rivers, particularly those moving over a distance of more than 1,000 
km are increasingly rare. Only 21 (12%) of the world‘s 177 longest rivers run freely from 
their sources to the sea (Goichot 2006). Björklund et al. (2007), state that an increasing 
number of river basins lack sufficient water to meet all the demands placed on them as 
the competition among users is intense. However, Mushala (2000) states that, although it 
is often assumed that available water is not adequate to meet people‘s needs, there is 
insufficient statistical data to support this allegation. At most, water is used wastefully, 
more especially in irrigation, or is not harvested in good time when it is available. Socio-
economically, rivers and their basins are estimated to be worth billions of dollars (Schuyt, 
2005) as they provide natural services and goods in the form of water for drinking, 
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sanitation, agriculture, transport, electricity generation and recreation. They can also serve 
as habitats for diverse fauna and flora which provide an important source of food and fibre 
that sustain incomes and livelihoods, particularly for rural communities in developing 
countries (CBD, 2005; MA, 2005a). One key inference drawn from this discussion is the 
need to protect water resources, as they are scarce, and serve many useful purposes. 
 
 
Figure: 2.2: Global Distribution of the World’s Water 
Source: WWAP, 2006 
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2.3.2 Swaziland Freshwater Outlook 
The African continent has the least river water availability (UNECA, 2006). For instance, 
on the whole, Africa‘s runoff resource that accounts for its renewable freshwater 
resources is approximately 4050 cu. km/year, which is equal to 9.5% of the total world‘s 
river runoff (Shiklomanov, 2002; UNECA, 2006). In the Southern African Development 
Commission (SADC) region, rivers are in short supply with 70% of the regional rivers 
shared between two or more member states (MTEC, 2001; SADC, Undated). Swaziland, 
which is a SADC state is affected. Swaziland is entirely landlocked, embedded between 
the Republic of South Africa on the West, North and South and the Republic of 
Mozambique on the East (refer to Figure 1.1 in Chapter 1 ) (MTTC, 2002; Mwendera, 
et.al. 2002; World Bank, 2002). Swaziland‘s 5 River Basins (Lomati/Mlumati, 
Inkomati/Incomati/Nkomanzi, Usuthu/Lusutfu), Ngwavuma/Ingwavuma, and 
Imbuluzi/Umpuluzi/Mpuluzi) (Appendix 2.3) are international or transboundary.  
 
Also, three of Swaziland‘s major head waters (Komati, Lomati, Usuthu) lie in South Africa. 
Table 2.1 illustrates Swaziland‘s river basins‘ water capacities. The maximum potential 
assured yield is about 1 500 × 106m3/yr (47.6 m3/s) (Knight Piesold, 1997; Mwendera et 
al. 2002). Besides precipitation, which is equivalent to 14 800 million m3 of water per 
annum (MTEC, 2001), Swaziland has a total freshwater resource of 4.51 km³/year, with 
1.87 km³/year (42%) originating mainly from Komati, Mlumati and Usuthu River Basins 
from the Republic of South Africa (MTEC, 2001; Mushala, 2000). As a result, Swaziland‘s 
main water resources not only originate from outside the country but are also shared with 
the neighbouring countries. This implies that as populations increase both within 
Swaziland, the Republic of South Africa and other neighbouring countries, difficulties may 
arise in meeting the increased water demands. For instance in 2008, it was estimated that 
full development of dams in South Africa has the potential of reducing the flows in 
Swaziland from 4.51 km3/annum to 3.9 km3/annum (MNRE, 2009). This decrease in flow, 
coupled with population growth of about 2.9% per annum, would imply a significant drop in 
per capita water flows (MNRE, 2009). Another outlet of freshwater loss in Swaziland is 
through runoff, which is about 2 706 million m3 of water per annum (MTEC, 2001) 
representing 18% of the rain water lost to runoff, discounting the amount lost through 
evaporation and evapo-transpiration (MTEC, 2001). 
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Table 2.1: Swaziland’s River Basins and their Corresponding Hydrological Variables  
RIVER 
SYSTEM 
AREA (KM
2
)* RAINFALL (MM) 
MIN-MAX 
INFLOW 
NATURALISED 
×10
6
M
3
/A 
OUTFLOW 
NATURALISED 
×10
6
M
3
/A 
COUNTRY’S 
APPROVED 
SHARE+  
†PONGOLA 
 
Data lacking 400-600 Data lacking 59 51 
NGWAVUMA 1305 600-900 106 156 129 
USUTHU 12903 600-1000 896 (386) 2357 (1356) 1886(1178) 
MPULUZI 3065 700-1200 352 460 (208) 372 
LOMATI* 931 900-1400 74 (40) 249 (118) 7.7 
KOMATI* 7424 800-1400 688 (515) 1239 (520) 253(170) 
†LUBOMBO Data lacking 800-900 Data lacking 31 25 
TOTAL  MEAN=850 1809 4551 (2448) 2724(1933) 
Key to Notes: 
†The Pongola and Lubombo are minor River Basins that are under-utilized and their water allocation has not yet been 
gazetted to be apportioned by the Water Apportionment Board, hence there are no gauging stations in these two Basins 
*The Komati and Lomati Basin data are based on Gibb, 1992 and the Water Resource Branch stream actual flow 
+The water share for Swaziland is based on Treaties signed with Riparian States and water resources basin studies on some 
major River Basins. Where water sharing agreements do not exist, 20% of the total runoff is left for sustaining the environment.  
(  ) The figures in brackets show minimum variables 
Source: Adapted from MPWT, 2004; MTEC, 2001; Mushala, 2000 
 
Further, a good number of the SADC states are prone to devastating droughts, and it has 
been projected that between 20 and 30 years, three or four of the countries in the SADC 
region will experience serious water shortages (MTEC, 2001). Swaziland (Refer to Figure 
1.3 in Chapter 1) lies between latitudes 25°43‘ and 27°19‘S and longitudes 30°47‘ and 
32°08‘E on the South-East part of Africa (Mwendera et al. 2002; World Bank, 2002; 
AQUASTAT-FAO, 2005). Hence, Swaziland lies 40 to 225 km inland of the Indian Ocean 
making the country to be positioned at the transition of four major climate zone masses, 
the Equatorial Convergence; the Subtropical Eastern Continental Moist Maritime; the Dry 
Continental Tropical; and Marine Western Mediterranean. Inevitably, all four environs 
influence the country‘s climatic conditions and supposedly water renewal (Mwendera, 
et.al, 2002; MTTC, 2002). As such, marked variation in climate occurs.  
 
In addition to its position, Swaziland has a diverse variation in physiographical features 
which run longitudinally north to south. They are, from West to East namely: Highveld, 
upper and lower Middleveld, Eastern and Western Lowveld and Lubombo range 
(Appendix 2.1) (SG, 2010; Knight Piesold, 1997; Mwendera et al. 2002. These 
pronounced variations in features influence Swaziland‘s hydrological, geological and 
climatic conditions (Appendix 2.2). In terms of climate, this implies that parts of Swaziland 
may experience damaging intensive rainfalls while other parts suffer prolonged droughts 
(Knight Piesold, 1997; Mwendera et al. 2002). Although Swaziland‘s climate is described 
as humid, over 50% of Swaziland is semi-arid and receives unreliable rainfall (Bootsman 
and Schmidt, 1983; Mushala, 2000). The mean annual precipitation in Swaziland is 850 
mm, which is equivalent to 14 800 million m3 of water per annum (MTEC, 2001). Normally, 
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most of the rainfall is received between the summer months from October to March, 
although recently this varies from year to year (a condition associated with climate 
variation and change) (Bootsman and Schmidt, 1983; Mushala, 2000). Given these 
conditions, Swaziland generally suffers water scarcity due to shortage of rainfall (Bullock 
et al. 2009). 
 
Out of Swaziland‘s total land mass of about 17,364 km² (6,704 square miles), only 160 
km² is river water and 17,203 km² land. Only 11% of the land area is arable (SG, 2010; 
MPWT, 2004; Mwendera et al. 2002; World Bank, 2002). Swaziland has a population of 
1,018.449 people of which 225.293 is urban and 793.156 rural with an average annual 
population growth of 3.4% per annum (SG, 2010). There is a level of uncertainty regarding 
the available water resources in Swaziland, which were in 1998 estimated at between 2, 
836 m3/capita/annum and 4, 500 m3/capita/annum (MNRE, 2009). The potential surface 
water supply available for use in Swaziland is approximated at 2 630 × 106m³ per year 
which is equivalent to an average flow rate of about 80 m³/s (Mwendera et al. 2002). 
Table 2.2 shows Swaziland‘s water sources and uses. Agriculture is by far the largest 
consumptive water user compared to industry and domestic uses. The high natural 
variability of rainfall and river flows; and high consumptive activities such as irrigation, 
mean that water availability is low and has to be augmented through the construction of 
dams. Dam construction has not been fully realized because of the high cost of these 
interventions; hence water scarcity remains a serious challenge in Swaziland (MNRE, 
2009). The fact that water resources are shared with neighbouring countries dictates that 
water resources must be used with utmost care in Swaziland, and in agreement with the 
neighbouring countries. Also, special attention has to be given to river control systems, 
and integrated water resources management (IWRM) is required in order to ensure 
constant availability. (MNRE, 2007; MNRE, 1997; Rossouw, 2005; MPWT, 2004; 
Mwendera et al. 2002; World Bank, 2002; FAO- AQUASTAT, 2005). 
 
Table 2.2: Water Sources & Use in Swaziland 
WATER SOURCE & USE YEAR VALUES 
Renewable Water Resources 
Average Precipitation  788 mm/yr 
 13.7 × 10
9
m
3
/yr 
Internal Renewable Water Resources  2.6 × 10
9
m
3
/yr 
Total Actual Renewable Water Resources  4.5 × 10
9
m
3
/yr 
Dependency Ratio  41.5% 
Total Actual Renewable Water Resources per Inhabitant 2004 4,164 m
3
/yr 
Total Dam Capacity 2002 585 × 10
6
m
3
/yr 
Water Withdrawal 
Total Water Withdrawal 2000 1,042 × 10
6
m
3
/yr 
Irrigation 2000 993 × 10
6
m
3
/yr 
Livestock 2000 13 × 10
6
m
3
/yr 
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WATER SOURCE & USE YEAR VALUES 
Domestic 2000 24 × 10
6
m
3
/yr 
Industry 2000 12 × 10
6
m
3
/yr 
Per Inhabitant 2000 998 m
3
/yr 
As % of Total Actual Renewable Water Resources 2000 23% 
Non Conventional Sources of Water 
Produced Wastewater 2002 12 × 10
6
m
3
/yr 
Treated Wastewater 2002 9 × 10
6
m
3
/yr 
Re-used Treated Wastewater   
Desalinated Water Produced   
Re-used Agricultural Drainage Water   
Source: FAO- AQUASTAT, 2005 
 
Summary 
The above discussion was necessary to show that even thought the global water is scarce 
and finite it is valuable for various anthropogenic activities to meet human needs including 
food production and socio-economic development. This implies that water has a socio-
economic good. But adversely, every water use poses a threat to the quality and quantity 
of freshwater supplies. In addition to anthropogenic impacts on freshwater availability 
there are natural impacts such as drought, and climate variation and change. However, 
the dynamic forces of nature are not discussed in this study, but may be mentioned to 
enhance clarity and understanding; and identified for further research. Since 
anthropogenic activities are the focus of this study, the next section discusses 
anthropogenic threats affecting freshwater resources. 
 
2.4 Drivers, Pressures & Threats to Freshwater Ecosystems 
 
2.4.1 Drivers of Change in Freshwater Ecosystems 
There are a number of fundamental processes in society which drive anthropogenic 
activities with a direct/and or indirect impact on the environment (Connor et al. 2009; 
Björklund et al. 2009). These drivers of change on the environment refer to the forces and 
processes generated by human activities which create pressures on freshwater 
ecosystems. They create pressures on freshwater ecosystems which cause both positive 
and negative feedback impacts such as excessive water demands and pollution. The key 
anthropogenic drivers include (UNEP, 2007; Connor et al. 2009; Björklund et al. 2009):  
 Demographic or population dynamics such as growth, age distribution, and 
changes in landscape associated with urbanization, informal settlements and 
migration;  
 Economic demands such as growth and changes in the global economy, and 
growing international trade in goods and services/globalization (market and trade 
distribution patterns); and  
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 Social patterns such as poverty, education, cultures and value systems (which 
could be demonstrated by factors such as art, institutions and social-political 
frameworks, science, values, beliefs and moral systems); and lifestyles, 
consumption and production patterns (which are reflected by human needs, 
economic status, desires, attitudes, and scientific and technological innovation).  
 
2.4.2 Pressures on Freshwater Ecosystems 
The drivers of change (demographic, economic and social factors) can exert pressures on 
freshwater ecosystems (UNEP, 2007; Connor et al. 2009; Björklund et al. 2009). Key 
pressures on freshwater ecosystems include: emissions of substances in the form of 
pollutants or waste; external inputs such as fertilizers, chemicals and irrigation; land use; 
resource extraction; and modification and movement of organisms (UNEP, 2007). 
 
2.4.3 Threats to Freshwater Ecosystems 
Climate change; over-fishing; excessive water extraction; invasive species; pollution; 
dams and infrastructure were considered by the WWF as the most dominant and alarming 
threats to freshwater ecosystems (Wong et al. 2007). It came to that conclusion based on 
findings of eight wide-ranging and authoritative global assessments on roughly 225 river 
basins (CBD, 2001:2003; Loh et al. 1998; Loh, 2000:2002; MA, 2005a:2005b; Oki et al. 
2004; Postel & Richter 2003; Vorosmarty et al. 2004; UN, 2002; WWF, 2005j in Wong et 
al. 2007). These threats were later confirmed by further impact assessments on the 
world‘s 10 largest river basins (Salween, La Plata, Danube, Rio Grande, Ganges, Murray-
Darling, Indus, Nile, Yangtze and Mekongare) (Wong et al. 2007). The study is significant 
because it was conducted on river basins with not only continental importance and large 
population dependency, but also on rivers of high ecological importance (Wong et al. 
2007). Table 2.3 shows the river basins, their continents, and their corresponding threats.  
 
Table 2.3: World’s Top 10 Rivers at Risk with their Corresponding Threats 
RIVER BASINS COUNTRIES/CONTINENTS CORRESPONDING 
THREATS 
Salween/Nujiang /Nu  Shared by China and Thailand Infrastructure & 
Navigation 
Danube Covers parts of 19 riparian countries: Albania, Austria, 
Bosnia and Herzegovina, Bulgaria, Croatia, Czech 
Republic, Germany, Hungary, Italy, Macedonia, Moldova, 
Poland, Romania, Serbia, Montenegro, Slovakia, 
Slovenia, Switzerland and Ukraine, 
Infrastructure, Dams & 
Navigation 
La Plata South America, crossing 5 countries: Paraguay, Brazil, 
Argentina, Uruguay, and Bolivia 
Infrastructure & Dams 
Rio Grande- Rio 
Bravo 
United States and Mexico Water Over-extraction 
Ganges Covers parts of Nepal, India, China and Bangladesh Water Over-extraction 
Indus Spans parts of four countries: Afghanistan, Pakistan, Climate Change 
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RIVER BASINS COUNTRIES/CONTINENTS CORRESPONDING 
THREATS 
India and China 
Nile-Lake Victoria Falls within ten countries: Sudan, Ethiopia, Egypt, 
Uganda, Tanzania, Kenya, Rwanda, Burundi, Democratic 
Republic of Congo, and Eritrea. 
Climate Change 
Murray-Darling Cross four Australian states and one territory Invasive Species 
Mekong-Lancang Covers Southeast Asia: China, Laos, Myanmar, Vietnam, 
Thailand, Cambodia 
Over-fishing 
Yangtze/Chang Jiang China Anthropogenic Pollution 
Source: Wong et al. 2007 
 
Although the main focus of this report is on the pollution to surface water resources 
through anthropogenic activities, the effects of the six most alarming and dominant threats 
(in italics) need to be stated for the purpose of clarity. In brief: 
 Dams and infrastructure destroy habitats, cut rivers off from their floodplains, and 
alter the natural in and out flow on which a river‘s plants and animals depend 
(Wong et al. 2007).  
 Invasive species crowd rivers‘ banks, drive out their native fish, and choke their 
courses (Wong et al. 2007).  
 Climate change affects patterns of precipitation, evaporation, snow pack, flood, 
drought and other factors affecting freshwater supply and quality (Kundzewicz & 
Mata 2003; IPCC 2001a; Wong et al. 2007). In Africa alone by 2020, 75-250 
million people may be exposed to increased water stress due to climate change. If 
coupled with increased demand, this will hurt livelihoods and exacerbate water-
related problems (Bullock et al. 2009). 
 Consequent to excessive water extraction and over-exploitation, presently, 41% of 
the world‘s population lives in river basins under water stress (CBD, 2005); and 
the water supply demand gap is growing wider, threatening environmental 
sustainability, economic-development, health, and world peace (UNEP, 2007; 
Singh et al. 1999; WWF, 2001; IPCC, 1997; Wong et al. 2007). If current 
consumption patterns continue, two-thirds of the world‘s population will live in 
water-stressed conditions by 2025 (UNEP, 2007).  
 Heavy and destructive fishing (over-fishing) is evident world-wide, and there is 
evidence of declining fish populations as a result (Wong et al. 2007). Presently, 
the use of fresh water fish is well beyond levels that can be sustained at current, 
much less future demands (MA, 2005).  
 Pollution  through anthropogenic activities contaminates waters, sometimes 
turning life-giving rivers into threats to ecosystems, human health and their 
livelihoods (Wong et al. 2007). 
 
                                                                                                                                         
  ©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 2: Literature Review                - 32 - 
2.5 Anthropogenic Pollution Threat on the Lusushwana 
River 
Since anthropogenic water pollution is the main focus of this study, this section is devoted 
to the detail discussion of this threat on the Lusushwana River which is a unit of analysis 
in this research. Various writers (Björklund et al. 2009; Wong et al. 2007; UNEP, 2007; 
UNEP GEMS/Water Programme, 2007) state that anthropogenic water pollution is an 
increasing threat to water quality. Illustrative examples of anthropogenic water pollution on 
many rivers and their basins are evident worldwide. Pollution of socio-economically and 
ecologically significant freshwater ecosystems in some areas is irreversible, making it 
possible for some areas to plummet into a future without reliable water resources systems 
(Björklund et al. 2009; Wong et al. 2007), hence it is necessary to review anthropogenic 
water pollution on the Lusushwana River at Matsapha, Swaziland to enable the 
researcher to make recommendations on how to minimize the pollution.  
 
2.5.1 Characteristics of the Lusushwana River 
The Lusushwana River is a tributary of the Lusutfu/Usuthu River Basin. The Usuthu River 
Basin is divided into three sub-catchments: Upper Usuthu, Lusushwana and Lower 
Usuthu (Figure 2.3). The focus of the study is the Lusushwana sub-catchment; hence not 
all the three sub-catchments are discussed but only the Lusushwana sub-catchment. 
Information is lacking on the characteristics of the Lusushwana River except that it is a 
tributary of the Usuthu River Basin, hence the brief description of the Usuthu River Basin. 
The Usuthu River Basin is the largest river basin in Swaziland with a catchment area of 
12,903 km2. The river basin rises in the eastern escarpment of the Republic of South 
Africa and drains most of Swaziland. It then intercepts the Pongola River in the Republic 
of South Africa, and finally extends into Mozambique. The river basin has various 
tributaries in Swaziland with two: Lusushwana River (unit of analysis) and Great Usuthu 
River originating with them from Republic of South Africa. The Lusushwana River at 
Matsapha is a major source of water for domestic use, irrigation, hydropower generation, 
concrete and brick making, as well as industrial activities. Agriculture and industry provide 
the main sources of economic activity in Swaziland. Swaziland‘s economy is dependent 
upon the availability of adequate water supply; with agriculture taking over 95% of the 
country‘s total water withdrawal; urban domestic purposes 1.4%; and industry 1.2 % 
(AQUASTAT-FAO, 2005; Mwendera et al. 2002; Mallory, 2002).   
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Figure 2.3: Maputo River Basin Showing Upper Usuthu, Middle Usuthu, Lusushwana and Lower Usuthu Sub-catchments 
Source: TPTC, 2008 
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2.5.2 Previous Studies on the Water Quality of the Lusushwana River 
Several studies have been carried out in the Lusushwana sub-catchment which focus on 
the assessment of the water quality, including those by Mazingira (2009); IC Development 
(2009), FEC (2009), TPTC (2008), IC Development (2007), MNRE (2007), FEC (2007), 
MTEC (2001), Mushala (2009). These series of studies spanned from 1992 to 2009. They 
believe that the discharges of untreated or partially treated wastewater effluents from 
industries at Matsapha have led to significant deterioration of the water quality of the 
Lusushwana sub-catchment, causing impacts on riverine ecosystems and health 
problems to the riparian communities downstream of Matsapha. Also, some of the studies 
believe that environmental monitoring and legislation enforcement at the Matsapha 
industrial estate is weak. The various studies carried out on the Lusushwana sub-
catchment are briefly discussed below. 
  
IC Development (2009): - Firstly, IC Development believed that the Lusushwana River 
along the Matsapha industrial estate has high concentrations of bacteriological 
contamination, COD, TDS, chloride, and aluminium, and that heavy metals (Cr, Pb, Zn 
and Cu) are very low, implying that organic and microbial pollution are the most acute. 
The comparison of the findings with the Swaziland Water Services Corporation potable 
water standards (SWSC, undated), and not the surface water quality objectives (SG, 
1999), makes IC Development‘s interpretation of the results and conclusions ambiguous 
and invalid. Secondly, IC Development believed that the Matsapha industries have 
negative influence on the water quality of the Lusushwana River, which has resulted in the 
deterioration of its water quality, but failed to establish the association between the 
industries and the water quality of the Lusushwana River. Thirdly, IC Development 
believed that the pollution of the Lusushwana River affects the riverine ecosystem, and 
the water is not fit for human consumption by the riparian communities considering the 
high concentration of streptococcal bacteria in the river, but fail to establish the pollution 
impacts. Lastly, IC Development believed that the pollution in the Lusushwana River 
inferred that industrial monitoring and legislation enforcement is inadequate, but failed to 
prove this claim, and did not establish the drivers and barriers to effective monitoring and 
legislation enforcement at the Matsapha industrial estate. 
  
Mazingira (2009): - Mazingira‘s analysis of the water quality of the Lusushwana River 
showed that the concentrations of chromium and lead levels were above the Swaziland 
Water Services Corporation potable water standards (SWSC, undated). COD, EC, 
temperature and pH in 34 (38%) sampled sites recorded levels above the Swaziland 
Water Services Corporation potable water standards (SWSC, undated). Negative ions 
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(anions) including fluoride, chloride, bromide, nitrate, nitrite, phosphate and sulphate                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
in twelve out of the 34 (35%) sites sampled recorded levels outside the limit of the 
Swaziland Water Services Corporation potable water standards (SWSC, undated). 
Likewise, Mazingira believed that the Lusushwana River is polluted by these pollutants, 
but the interpretation of his results and conclusions is ambiguous and invalid as the 
comparison of his findings is made with the Swaziland Water Services Corporation 
potable water standards (SWSC, undated), and not the surface water quality objectives 
(SG, 1999). Secondly, Mazingira believed that the Lusushwana River is polluted from 
industrial effluents, although he failed to establish the association between the industries 
and the water quality of the Lusushwana River. Thirdly, Mazingira believed that the 
pollution of the Lusushwana River affects the riverine ecosystem, and the water is not fit 
for human consumption by the riparian communities, but failed to establish the pollution 
impacts. Fourthly, Mazingira believed that the pollution in the Lusushwana River inferred 
that industrial monitoring and legislation enforcement is inadequate but failed to prove his 
claim, and does not establish the drivers and barriers to effective monitoring and 
legislation enforcement at the Matsapha industrial estate. Lastly, Mazingira believed that 
environmental mitigation measures by companies at the Matsapha industrial estate are 
insufficient and or ineffective, but failed to prove their allegations. 
 
First Environment Consultants (2009): - First Environment Consultants believed that 
water from the Lusushwana River is not fit for human consumption before treatment as it 
is contaminated with bacteriological pathogens including Total coliforms and Escherichia 
coli (E. coli); COD, TSS, TDS, phosphate, sedimentation, turbidity, colour, Zn, Cr and Pb 
since their concentrations were above the limit of the Swaziland Water Services 
Corporation potable water standards (SWSC, undated). Firstly, First Environment 
Consultants‘ results and conclusions are ambiguous and invalid as the comparison of their 
findings is made with the Swaziland Water Services Corporation potable water standards 
(SWSC, undated), and not the surface water quality objectives (SG, 1999). Secondly, First 
Environment Consultants believed that the pollution of the Lusushwana River, which is not 
proven by his results, is caused by the industries at Matsapha, but failed to establish an 
association between the industries and the water quality of the Lusushwana River. Thirdly, 
First Environment Consultants believed that the pollution of the Lusushwana River affects 
the riverine ecosystem, and the water is not fit for human consumption by the riparian 
communities, but failed to establish the pollution impacts. Lastly, First Environment 
Consultants believed that the pollution in the Lusushwana River inferred that industrial 
monitoring and legislation enforcement is inadequate but failed to prove his claim, and did 
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not establish the drivers and barriers to effective monitoring and legislation enforcement at 
the Matsapha industrial estate. 
 
Sithole (2009): - Sithole collected plant samples along the Lusushwana River at the 
Matsapha industrial estate and analysed them for Cd, Cr, Zn, Pb, and Cu. All the heavy 
metals (Cd, Cr, Zn, Pb, and Cu) analysed were identified as being present in the plant 
samples inferring that with these plants drawing water from the Lusushwana River, the 
Lusushwana River is polluted with these heavy metals. Sithole believed that the pollution 
is caused by the industries at Matsapha but failed to establish an association between the 
industries and the water quality of the Lusushwana River. 
 
Mthimkhulu (2009): - Mthimkhulu alleges that high COD, EC and TDS concentrations in 
the Lusushwana River around the Matsapha industrial estate have been observed from 
2008; and blamed the pollution of the Lusushwana on the Matsapha industries. However, 
Mthimkhulu does not state the standards used for making comparisons, making it difficult 
to judge the validity of her results. Also, Mthimkhulu failed to establish an association 
between the industries and the water quality of the Lusushwana River. 
 
TPTC (2008): - The Joint Maputo River Basin Water Resources Study (TPTC, 2008) 
believed that water quality status in the Lusushwana River at the Matsapha industrial 
estate showed elevated concentrations of dissolved salts, EC, alkalinity, hardness, 
calcium, ortho-phosphate and suspended sediments. However, The Tripartite Permanent 
Technical Committee (TPTC) does not state the standards used for comparisons of their 
results, making it difficult to judge the validity of their results. Secondly, the TPTC believed 
that the Lusushwana River at Matsapha should receive immediate management attention 
due to the significant water quality impacts which could be resulting from the industrial 
estate, making the study to be limited as it did not extend beyond the analysis of the water 
quality of the Lusushwana River and thus, failed to establish an association between the 
industries and the water quality of the Lusushwana River. Thirdly, the TPTC believed that 
the pollution in the Lusushwana River inferred that industrial monitoring and legislation 
enforcement is inadequate but failed to prove their claim, and did not establish the drivers 
and barriers to effective monitoring and legislation enforcement at the Matsapha industrial 
estate. Lastly, the TPTC believed that the pollution of the Lusushwana River could be 
affecting the riverine ecosystem, the health and livelihoods of the riparian communities, 
but failed to establish the pollution impacts, and make recommendations to minimize the 
pollution by the Matsapha industrial estate. 
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Dlamini (2007): - Dlamini subjected sediments from the Lusushwana River along the 
Matsapha industrial estate, for analyses of heavy metals, Cd, Cr, Zn, Pb, and Cu. These 
heavy metals were identified as being present in the sediments, inferring that the heavy 
metals were also present in the Lusushwana River. Dlamini alluded the pollution to the 
industries at Matsapha, but failed to establish an association between the industries and 
the water quality of the Lusushwana River. 
 
IC Development (2007): - Despite a comparison of their results with the Swaziland Water 
Services Corporation potable water standards (SWSC, undated) and not the surface 
water quality objectives (SG, 1999), which make the interpretation of the results and 
conclusions ambiguous and invalid, IC Development believed that at the Matsapha 
industrial estate, COD temperature, turbidity and TSS concentrations were above the 
legal limits. IC Development blamed the pollution of the Lusushwana River at the 
Matsapha industrial estate to the industries within the town; and alleged that water from 
the Lusushwana River is not safe to drink once it has passed the Matsapha industrial 
estate, and that it poses a serious threat to human health and riverine ecosystems. 
However, IC Development failed to establish an association between the industries and 
the water quality of the Lusushwana River; and neither the impacts of the pollution. Lastly, 
IC Development believed that the pollution in the Lusushwana River inferred that industrial 
monitoring and legislation enforcement is inadequate but failed to prove his claim, and 
does not establish the drivers and barriers to effective monitoring and legislation 
enforcement at the Matsapha industrial estate. 
 
First Environment Consultants (2007): - First Environment Consultants‘ assessment of 
the water quality of the Lusushwana River at the Matsapha industrial estate which were 
compared with the Swaziland Water Services Corporation potable water standards 
(SWSC, Undated), showed that COD, bacteriological contamination and turbidity were 
very high indicating that it is not safe to drink water from the Lusushwana River after it has 
passed the Matsapha industrial estate. As already stated, First Environment Consultants 
compare their results with the Swaziland Water Services Corporation potable water 
standards (SWSC, Undated) instead of the surface water quality objectives (SG, 1999), 
making the interpretation of their results and conclusions ambiguous and invalid. Also, 
First Environment Consultants failed to establish the impacts of the pollution, and the 
association between the industries and the water quality of the Lusushwana River. Lastly, 
First Environment Consultants believed that environmental mitigation measures by 
companies at the Matsapha industrial estate are insufficient and/or ineffective, but failed to 
prove their allegations. 
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Mwendera et al. (2002): - Mwendera and others believed that high COD 
concentrations (above 200 mg/l), and odour in the Lusushwana River are problems at the 
Matsapha industrial estate, and therefore the industries should be assessed and 
monitored. Mwendera and others do not state the standards used for comparisons, 
making it difficult to judge the validity of their results. Also, the study by Mwendera and 
others is limited as it does not extend to the operations of the Matsapha industries, and 
thus failed to establish an association between the industries and the water quality of the 
Lusushwana River. 
 
Mansuetus et al. (2001): Mansuetus and others believed that the Lusushwana River at 
the Matsapha industrial estate contains bacterial Colony Forming Units (CFU), principally 
enteric coliform bacilli bacteria. A wide range of genera for these species was identified, 
and these included: Escherichia sp, Staphylococcus sp, Streptococcus sp, Streptomyces 
sp, Pseudomonas sp, Treponema sp, and Klebsiella sp. Mansuetus and others believed 
that even though the concentrations of the bacteria observed were very low, the 
Swaziland Water Services Corporation potable water standards (SWSC, Undated) 
requires that there should be zero (0) CFU presence in potable water. Mansuetus and 
others compare their results with the Swaziland Water Services Corporation potable water 
standards (SWSC, Undated) instead of the surface water quality objectives (SG, 1999), 
making the interpretation of their results and conclusions ambiguous and invalid. 
 
Mushala (2000): - Despite failing to establish between the industries and the water 
quality of the Lusushwana River, Mushala (2000) claimed that high COD, sulphide, and 
phenols concentrations in the Lusushwana River at the Matsapha industrial estate results 
from the industries within the town. Also, Mushala did not state the standards used for 
comparison of his results, making it difficult to judge the validity of his results. In addition, 
Mushala claimed that the pollutants are associated with occurrences of diseases 
(including cancer) and the destruction of aquatic life in the Matsapha area; and that 
environmental monitoring of the effects of the discharges from the Matsapha industries is 
weak, but Mushala failed to provide empirical evidence for his claim.  
 
Matsebula (1998): Matsebula believed that nitrate concentrations along the Lusushwana 
river at Matsapha, were below the minimum acceptable concentration for nitrate stated in 
the Swaziland Water Services Corporation potable water standards (SWSC, Undated). 
Even so, Matsebula‘s interpretation of results and his conclusions are ambiguous and 
invalid as they are compared with the Swaziland Water Services Corporation potable 
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water standards (SWSC, Undated) instead of the surface water quality objectives (SG, 
1999).  
 
Dlamini (1997): - Dlamini recorded phosphate and nitrate concentrations along 
Lusushwana River at the Matsapha industrial area, which were up to 9 times the 
acceptable concentrations stated in the Swaziland Water Services Corporation potable 
water standards (SWSC, Undated). Dlamini‘s interpretation of results and his conclusions 
are ambiguous and invalid since they are compared with the Swaziland Water Services 
Corporation potable water standards (SWSC, Undated) instead of the surface water 
quality objectives (SG, 1999). 
 
Mtetwa (1996): - Mtetwa monitored the Lusushwana River at the Matsapha industrial 
estate between the period October 1991 and April 1992 at three points. The various water 
quality parameters monitored were: temperature, pH, electric conductivity (EC), total 
dissolved solids (TDS), total suspended solids (TSS), dissolved oxygen (DO), biochemical 
oxygen demand (BOD), chemical oxygen demand (COD), phenols phosphate, nitrate, 
chloride, calcium, magnesium, sodium, potassium, chromium, cadmium, mercury, 
molybdenum, lead, copper, manganese, iron and zinc. Mtetwa believed that the results 
suggest that, during the period of the study, the Lusushwana River received pollutants 
from the Matsapha industries, but failed to establish the association between the 
industries and the water quality of the Lusushwana River. Although Mtetwa does not state 
the standards used for comparisons, which makes it difficult to judge the validity of his 
results, he stated that the concentrations of pollutants had not reached alarming values. 
He suggested that the discharges from the industries needed to be assessed closely, and 
the Lusushwana River continuously monitored, due to the fast development of the 
industrial estate. Mtetwa‘s study is limited as it failed to establish drivers and barriers to 
effective monitoring and legislation at the Matsapha industrial estate, and to make 
recommendations for limiting the pollution to the Lusushwana River. 
 
Mavimbela (1992): - Despite comparing his results with the Swaziland Water Services 
Corporation potable water standards (SWSC, Undated) instead of the surface water 
quality objectives (SG, 1999), which makes the interpretation of his results invalid and his 
conclusions ambiguous, Mavimbela believed that sulphide concentrations in the 
Lusushwana River along the Matsapha industrial estate exceeded the maximum allowable 
concentrations resulting in undesirable odours, and trace sulphide concentrations in 
drinking water at Matsapha. 
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Summary 
All the above studies on the assessment of the water quality of Lusushwana Sub-
catchment at the Matsapha industrial estate leave a number of unanswered questions or 
gaps relating to their work: 
 The studies are limited for they did not extend beyond the analysis of the water 
quality of the Lusushwana River along the stretch of the Matsapha industrial estate 
and thus failed to identify sources of pollution to the Lusushwana River within the 
industrial estate, the quantities and qualities of the wastes discharged into the 
Lusushwana River, the treatments the wastewaters receives prior to disposal, and 
the discharge routes to the Lusushwana River. 
 A majority of the studies associate the pollution in the Lusushwana River to the 
Matsapha industries but lack evidence establishing an association between the 
industries and the river water quality. 
 A majority of the studies compare their results with the Swaziland Water Services 
Corporation potable water standards (SWSC, Undated) instead of the surface 
water quality objectives (SG, 1999), making the interpretation of their results and 
conclusions ambiguous and invalid.  
 Some of the reports do not state the standards used for comparisons of the 
results, which makes it difficult to judge their validity and reliability. 
 The reports‘ allegations about the pollution impacts on the health and livelihoods of 
the riparian communities, and the riverine aquatic system have also not been 
proven empirically. 
 There is no empirical evidence to demonstrate that pollution mitigation measures, 
monitoring and legislation enforcement at the Matsapha industrial estate are 
inefficient and ineffective.  
 The studies are limited as they do not establish drivers and barriers to effective 
wastewater management and  pollution monitoring; and do not state actions and 
interventions needed to encourage reduction in pollution of the Lusushwana River 
at Matsapha.  
 
2.6 Anthropogenic Water Pollution Impacts  
Assessing pollution impacts in water quality, human health and aquatic biology is reported 
to be difficult in many countries because of lack of monitoring by enforcement agencies, 
discontinuous historical data sets, and varied sampling objectives and analysis methods, 
yet some observable trends are reported (Stark et al. 2000; Björklund et al. 2009). The 
following discussions therefore concern anthropogenic pollution impacts on human 
populations, and freshwater ecosystem species in Swaziland and elsewhere.  
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2.6.1 Impacts on Human Populations 
Freshwater ecosystem users are said to experience a wide range of water quality 
problems and these are broadly grouped into health, human safety, aesthetic, economic, 
and user category impacts discussed below (TPTC, 2008). 
 
2.6.1.1 Human Health Impacts 
In the whole world, the most immediate problems of ill-health or disability and premature 
deaths of millions of people are connected to biological agents in the human environment 
that include water (WHO, 1992). Human health impacts refer to concerns about 
waterborne, water-based, and water-related insect vector diseases (Refer to glossary of 
terms for definitions) (Table 2.4), which includes short and long term effects on water 
users. This includes the effects of microbiological contamination and toxic pollutants that 
can be harmful even at low concentrations (TPTC, 2008).   
 
Table 2.4 Major Diseases Attributable to Environmental Factors 
DISEASE ANNUAL GLOBAL BURDEN 
ATTRIBUTABLE TO WATER, 
SANITATION & HYGIENE 
PERCENT (%) OF 
TOTAL BURDEN 
ATTRIBUTABLE TO 
ENVIRONMENTAL 
FACTORS 
ENVIRONMENTAL 
PATHWAYS 
 
Deaths 
(thousands) 
DALY 
(thousands) 
Diarrhoea 1,523 52,460 94 Water, sanitation, hygiene 
Malnutrition 863 35,579 50 Water, sanitation, hygiene 
Malaria 526 19,241 42 Water 
Lymphatic 
filariasis 
0 3,784 66 Water, sanitation 
Intestinal 
nematodes 
12 2,948 100 Sanitation 
Trachoma 0 2,320 100 Water, hygiene, flies 
Schistosomiasis 15 1,698 100 Water, sanitation 
Japanese 
encephalitis 
13 671  95 Water  
Dengue 18 586 95 Water, sanitation 
*Disability adjusted life year, a summary measure of population health. One DALY represents one lost year of healthy life. 
Source: Adapted from Prüss-Üstün and Corvalán 2006; Prüss-Üstün et al. 2008 in 
Björklund et al. 2009 
 
International trends show that the most important water pollutant affecting human health is 
microbial contamination (Björklund et al. 2009). Inadequate sanitation facilities, improper 
wastewater disposal, sewage and animal wastes are the major sources of microbial 
pollution (Stark et al. 2000; UNEP Gems/Water Programme, 2007; UNEP, 2007; 
Björklund et al. 2009). The largest concern about microbial contamination is the risk of 
illness and premature death to humans and livestock (UNEP Gems/Water Programme 
2007). Communities downstream of intensively farmed areas or municipal sewage 
outfalls, and people exposed to infected waters, because of work or recreational 
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companies, are at the highest risk of illness due to microbial pathogens (UNEP 
Gems/Water Programme, 2007). Human waste is a major polluter of rivers and 
groundwater resources resulting in cholera and other diarrhoeal diseases such as typhoid, 
bacillary and amoebic dysentery; and hepatitis A and E (DFID, 1998).  
 
Diarrhoea remains the major killer among water, sanitation and hygiene related diseases, 
accounting to 43% of deaths. The Sub-Saharan Africa and South Asia are the most 
affected regions (Connor et al. 2009). Specifically, about 884 million people in the world 
are still at risk of water-borne disease infection from using unimproved drinking water 
sources; 37% of these people live in Sub–Saharan Africa (WHO/UNICEF, 2010). This 
information relates to fluids, which is only one of the faecal-oral disease transmission 
routes popularly known as the five F‘s (See figure 2.4 below). The statistics of mortality 
(death) and morbidity (sickness) associated with the other transmission routes such as the 
Fields, Fingers, Food and Flies are not known. Diarrhoeal diseases and cholera are 
amongst the common causes of mortality in Swaziland (WHO, 2002). Also, the high rate 
of infant mortality in Swaziland is attributed to diarrhoea, malnutrition and infectious 
diseases, which can be linked to poor hygiene and the lack of a potable water supply and 
adequate sanitary facilities (FAO-AQUASTAT, 2005). The JMP Water and Sanitation 
Report (WHO/UNICEF, 2010) shows that in 2000, 86 % of Swaziland‘s total urban 
population was using improved drinking water compared to 46% of the total rural 
population. Further, WHO/UNICEF (2010) shows that in 2008, 92% of Swaziland‘s urban 
population had access to improved drinking water compared to 61% of the total rural 
population.  
 
There is a lack of empirical studies on microbiological health impacts resulting from the 
Lusushwana River at Matsapha, despite direct effluent discharges from the Matsapha 
wastewater treatment plant; and probable faecal contamination resulting from the 
sewerage system, pit latrines and open defecation in the nearby rural and peri-urban 
community. Hence, the rural and peri-urban population at Matsapha who use the 
Lusushwana River for drinking purposes are likely to be exposed to microbial 
contamination as they have no access to improved water supply. Access to safe water 
and adequate sanitation services has proved to be one of the most efficient ways of 
improving human health (Björklund et al. 2009). It has been established that adequate 
sanitation and hand-washing after defecation help break the transmission chain of fæcal-
oral diseases (Connor et al. 2009). The UN Secretary General (2000) states that: “No 
single measure would do more to reduce disease and save lives in the developing world 
than bringing safe water and adequate sanitation to all”. 
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Figure 2.4: Transmission of Disease from Faeces 
Source: DFID, 1998 
 
Besides microbial contamination, metallic contaminants are serious concerns in many 
water resources (UNEP Gems/Water Programme 2007). Elevated concentrations of trace 
metals can have negative consequences for both flora and fauna, and humans (UNEP 
Gems/Water Programme 2007). Metals such as mercury, copper, selenium and zinc, 
even if present in low concentrations, tend to bio-accumulate in the tissues of humans and 
other organisms; and prolonged exposure or short-term exposure at high concentration 
can lead to poisoning, resulting in illness, death, and negative consequences for both 
wildlife and riverine ecosystems (Smith, 2008; Gems /Water Programme 2007:2008; 
Björklund et al. 2009). In India, metallic contaminants are reported to be causing severe 
environmental impact in and around Kanpur City (Singh, 2001). The environmentally 
significant constituents found include As, Cr, Cd, Cu, Fe, Hg, Pb, and Zn, which are 
considered as toxins; and Fe2+, Ca2+, Mg2+, Cl-, and SO-4 which significantly changes the 
water‘s ability to stain, hardness, and salinity. Many of the metals are toxic to animals and 
human health. About 50% of the factory workers and 30% of the total population in and 
around Kanpur may be affected, while vertebrates, invertebrates, and aquatic life suffer 
damage to the liver, kidneys, reproductive and nervous systems (Singh, 2001). In China, 
local Chinese experts are describing metallic water pollution in the Yangtze River Basin as 
‗cancerous‘ (Reuters, 2006 in Wong et al. 2007). Thresholds of cadmium are only 
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marginally lower than the threshold concentration causing itai-itai disease in humans (Anid 
& Tschirley 1998 in Wong et al. 2007). High concentrations of soluble fluoride salt in water 
resulting from phosphate ore production and use, as well as aluminium manufacture 
cause dental and skeletal fluorosis conditions commonly found in several African 
countries especially the eastern coast of Africa (UNECA, 2006).  
 
2.6.1.2 Human Safety & Aesthetic Impacts  
Human safety impacts refer to concerns about poor visibility, profuse plant growth and 
benthic microbial and/or algal growth (TPTC, 2008). Aesthetic impacts refer to concerns 
about changes in water taste and colour of the water, odour, discolouration and staining, 
objectionable floating matter and nuisance plants (TPTC, 2008). Anthropogenic pollution 
threats on human safety and aesthetic are numerous as shown in Table 2.5; and can 
significantly alter water quality, causing (for example) introduction of invasive plant 
species, excessive sediment loads, nutrient enrichments, inorganic and organic pollutants, 
which impacts the function and value of the water resource in many ways (UNECA, 2006; 
Turpie and van Zyl, 2002).  
 
Table 2.5: Anthropogenic Pollution Impacts on Freshwater Ecosystems  
ANTHROPOGENIC 
ACTIVITY 
POTENTIAL IMPACT ON WATER USE & FRESH 
WATER ECOSYSTEM 
FUNCTION AT RISK & 
REDUCTION IN 
VALUES/SERVICES 
Release of pollution 
to land, air or water 
Pollution of water bodies alters chemistry and 
ecology of rivers, lakes, and wetlands. Greenhouse 
gas emissions produce dramatic changes in 
runoffs and rainfall patterns. 
Water supply, habitat, water 
quality, food production. Climate 
change may also affect 
hydropower, dilution capacity, 
transport, flood control. 
Population & 
Consumption 
Growth 
Increase water abstraction and acquisition of 
cultivated land through wetland drainage. 
Increases requirement for all other activities with 
consequent risks. 
Virtually all ecosystem functions 
including habitat, production and 
regulation functions 
Infrastructure 
Development 
(Dams, dike, levees, 
diversions). 
Loss of integrity alters timing and quantity of river 
flows, water temperatures, nutrient and sediment 
transport and thus delta replenishment, blocks fish 
migrations. 
Water quantity and quality, 
habitats, floodplain, fertility, 
fisheries, delta ecosystems. 
Land Conservation Eliminates key components of aquatic 
environment, loss of functions, integrity, habitats 
and biodiversity, alters runoff patterns, inhibits 
natural recharge, and fills water bodies with silt. 
Natural flood control, habitats for 
fisheries and waterfowl, 
recreation, water supply, water 
quantity and quality. 
Over harvesting and 
Exploitation 
Depletes living resources, ecosystem functions 
and biodiversity (groundwater depletion, fisheries 
collapse). 
Food production, wildlife habitat, 
recreation. 
Introduction of Exotic 
Species 
Outdoes competition of native species, alters 
production and nutrient cycling, loss of biodiversity.  
Food production, wildlife habitat, 
recreation.  
Afforestation, 
deforestation, fires 
and poor land 
practices (lack of 
contour ploughing, 
overgrazing, etc.) 
Alters runoff patterns (increases runoff, reduces 
flood attenuation], inhibits natural recharge. 
Increases soil erosion 
Increased silt transport and 
deposition in aquatic ecosystems. 
Steeper flood hydrographs. 
Decreased water quality. 
Decreased longevity of water 
supply schemes. 
Urbanisation Alters runoff patterns [increases runoff, reduces 
flood attenuation], pollutes storm water runoff 
Increased costs of engineering 
works for flood attenuation and 
pollution control 
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ANTHROPOGENIC 
ACTIVITY 
POTENTIAL IMPACT ON WATER USE & FRESH 
WATER ECOSYSTEM 
FUNCTION AT RISK & 
REDUCTION IN 
VALUES/SERVICES 
Economic activity 
(agro-industry and 
industry) 
Release and disposal of inorganic and organic 
pollutants changes chemistry and nutrient status of 
receiving water bodies 
Decreased quality of all uses. 
Eutrophication with loss of 
biodiversity, etc. Loss of aesthetic 
and recreational appeal, and 
reduction in tourism potential 
Water supply and 
hydropower 
schemes 
Changing in timing flows. Reduction in flows 
available to downstream ecosystems. Reduction in 
downstream sediment loads. Change in 
temperature and chemical characteristics of water. 
Creation of barriers to movement of aquatic 
animals. Increased seismic activity 
Scouring of river channels and 
deprivation of silt deposition on 
flood plains. Reduction in 
biodiversity and changes in 
resource stocks. 
Changes in ecosystem function 
and productivity. Certain nuisance 
or pathological species may 
achieve pest proportions. Loss or 
gain of aesthetic and recreational 
appeal. 
Agricultural and 
other land uses 
within floodplains. 
Loss of natural habitat (removal of riparian and 
flood plain vegetation). Release of inorganic and 
organic pollutants. 
Increased nutrient loading in water bodies due to 
fertilizer leaching. 
Loss of infrastructure and arable 
land potential. Reduction in 
biodiversity and resource stocks. 
Increased vulnerability of 
floodplain to erosion. Decreased 
water quality to other users. 
Exploitation of 
aquatic resources 
Reduction or elimination of some species. Changes in structure of aquatic 
species assemblages 
Invasions by exotic 
plant species of 
catchments 
Alters runoff patterns (reduces runoff), inhibits 
natural recharge. 
Decreased water quantity and 
quality for other users. Reduced 
longevity of water supply 
schemes. Reduction in 
biodiversity and resource stocks 
Invasion by exotic 
plant species of 
aquatic ecosystems 
Siltation of aquatic ecosystems. Changes in water 
chemistry and eutrophication of aquatic 
ecosystems. Inhibit flow by clogging waterways. 
Alter habitat type for fish species 
Decrease water quality for other 
users. Reduced longevity of water 
supply schemes. Reduction in 
biodiversity and resource stocks. 
Source: Adapted from UNECA, 2006; Turpie and van Zyl, 2002 
 
2.6.1.3 Economic Impacts  
Economic impacts refer to concerns about a range of impacts that include damage to 
equipment, increased treatment costs, scaling, corrosion or deposition of sediments in 
distribution systems or household appliances, impairment of product quality, a reduction in 
crop or fish yield, impairment of crop quality, and impairment of soil suitability (TPTC, 
2008). Pollution imposes extra financial costs on society in terms of extra medical 
expenses, cleaning costs, and loss of agricultural outputs (Reed et al. Undated; Reed, 
2007). Literature shows that access to water is fundamental for economic growth and 
livelihoods. Water has socio-economic benefits as lack of it makes society less 
economically and socially productive (Esrey et al. 1990; AfDB, 1999; Gurria, 2007). The 
World Water Assessment states that: “Combating poverty is the main challenge for 
achieving equitable and sustainable development, and water plays a vital role in relation 
to human health, livelihood, economic growth as well as sustaining ecosystems” (WWA, 
Undated). In rural and agriculture based economies, water is often the most important 
factor for agricultural production and livelihoods. Globally, in 2007, 3 billion people lived in 
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rural areas, most of them dependent on agriculture for their livelihoods (Björklund et al. 
2009). An estimated 1.4 billion people (especially indigenous peoples, women in 
developing countries, the rural poor and their children) live on just $1.25 a day (Connor et 
al. 2009). To these people, water contributes to poverty alleviation in many ways, through 
sanitation services, water supply, food supply, enhance resilience to diseases, and labour 
inputs and outputs (Björklund et al. 2009).  
 
In urbanized labour based and intensive manufacturing/industrialized economies, water is 
needed for nearly all productive companies (Björklund et al. 2009). Industry is a major 
contributor to GDP in many countries, and the links between sufficient water supplies and 
sustainable GDP growth in some countries are strong (Björklund et al. 2009). Poor access 
to safe and sufficient water supply is one of the most serious sustainability issues facing 
many countries in the world (Gurria, 2007), especially the developing economies in Middle 
East and Africa (Russell et al. 2007). Although the Joint Maputo River Basin Water 
Resources Study (TPTC, 2008) states that water quantity is not yet an economic 
constraint in the Maputo River Basin, various reports (MNRE, 2002; World Bank, 1993; 
SG, 2003a; Farolfi et al. 2007; Seetal and Quibell, 2003) state that fresh water availability 
is currently a major constraint to socio-economic development in Swaziland. Between the 
period 1968-1996, Swaziland‘s economy saw growth averaging 6.5% annually but such 
impressive economic growth slowed to 2.1% in 2004 from 2.6% in 2003 (MPWT, 2002; 
MEE, 2006; WHO, 2002). Such disparity in Swaziland‘s economic growth is attributed to 
several factors, including water scarcity and drought which is now being exacerbated by 
climate variation and change (MNRE, 2002; World Bank, 1993; SG, 2003a; Farolfi et al. 
2007; Seetal and Quibell, 2003). 
 
There is lack of empirical studies on socio-economic impacts arising from the Lusushwana 
River but, the economy of Swaziland is largely dependent on agriculture. The agricultural 
sector employs 70% of the population, and agriculture contributes 12 % of GDP (CSO, 
2000:2001). The share of agriculture in GDP has however been declining in recent years, 
it fell from 21% in 1985 to 9% in 1995, and 12% in 2001. Although the contribution of the 
manufacturing sector to GDP has increased from 16% to 36%, agriculture remains the key 
sector in Swaziland‘s economy, directly and indirectly, via agro-processing industries. The 
heavy reliance on agriculture renders economic growth vulnerable to climatic and pollution 
shocks. For example, growth of real per capita GDP fell from 6% in 1990 to a negative 
rate from 1991 due to severe droughts that are being experienced in Swaziland (SG, 
2010).  
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UNECA (2006) states that pollution is a major form of environmental degradation as it 
reduces available clean water supplies, exacerbate their scarcity, and increase their 
development costs. A SADC report (SADC Water Resources, Undated) on Swaziland‘s 
water scarcity index shows problems of water pollution and water scarcity, mainly in the 
dry seasons. A study (MPWT, 2001) on climate change on the Usuthu River Basin depicts 
an overall reduction in annual runoffs. Also, the report (MPWT, 2001) shows that drought 
conditions are expected to be more pronounced and will be more common than floods. 
Such a scenario shall cause pollution problems to intensify as the Usuthu River Basin will 
fail to assimilate them. Further this will affect water recharge and worsen the drought 
conditions.  
 
2.6.1.4 User Category Impacts  
Water user category impacts refer to water quality in terms of the fitness of the water to 
meet the requirements of key users in area such as agriculture, hydropower generation, 
industrial and domestic water supply (TPTC, 2008). Water user category impacts can 
result from changes in water quality. For instance, dissolved salt concentrations which are 
elevated can result in water quality that is less ideal for irrigation. The TPTC (2008) 
believe that in the Maputo River Basin, increases in dissolved salts, turbidity/suspended 
sediments, EC, alkalinity, hardness, calcium, nutrient enrichment, organic pollution, and 
microbial pollution in some areas, are outside the guidelines values for irrigation, hydro 
power generation, and domestic water use. In the US, water-quality criteria are used to 
determine specific levels of contaminants that would make the water harmful if used for 
drinking, swimming, farming, fish production, or industrial processes. The specific levels of 
water quality which, if reached, are expected to render a body of water unsuitable for its 
designated use (U.S. EPA, Undated). 
 
2.6.2 Impacts on Freshwater Species 
Freshwater ecosystems tend to have the highest proportion of species threatened with 
extinction (MA, 2005). More than 20% of the world‘s 10,000 freshwater species have 
become extinct, threatened or endangered in recent decades (CBD, 2005). WWF (2008) 
states that on average, freshwater species populations were reduced by half between 
1970 and 2005. The reduction is sharper than for the other biomes (WWF, 2008). There is 
a lack of empirical studies on flora and fauna impacts on the Lusushwana River. However, 
various reports, (UNECA, 2006; Yongenawe, 2006; MNRE, 2007; TPTC, 2008) allege that 
pesticides and chemicals from agricultural companies, untreated sewage and refuse are 
common threats to riverine ecosystems in Swaziland. UNECA (2006) believed that in 
1994, toxic chemical spills from a pulp and paper company into the Lusushwana River 
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killed an unknown number of fish and livestock. Yongenawe (2006) and TPTC (2008) 
believe that deaths of fish reported at the Lusushwana River were as a result of high COD 
and phenols from the Swazi paper mills. 
 
Summary 
The discussions on the anthropogenic impacts on human populations, freshwater species, 
and socioeconomic development above imply that the value of water as a socio-economic 
good cannot be overemphasized. These facts establish that water serves as a recipient of 
pollutants. They also imply that water can cause destruction to freshwater species, 
impede economic growth and exacerbate poverty, and can set a vicious cycle of ill-health 
in the world‘s populations due to its simultaneous productive and destructive nature; and 
therefore should be protected at all cost from anthropogenic pollution. Therefore the next 
section discusses the various anthropogenic pollution sources globally and traces their 
pathways with the view of helping to trace the pollution sources and pathways at 
Matsapha; so that the necessary intervention measures could be taken to address them. 
 
2.7 Sources of Anthropogenic Water Pollution & Pathways to 
Freshwater Ecosystems 
Water pollutants are categorized as coming from point sources or non-point sources 
according to their primary sources. Non-point pollution refers to diffuse pollution that does 
not originate from a single discrete source, and can be identified as all dry weather 
pollutants that enter watercourses through pipes or channels. Point pollution refers to 
pollution that originates from a single discrete source, and enter water courses through a 
discrete conveyance such as a pipe or ditch (Peirce et al. 1998; Björklund et al. 2009). 
Besides the point and non-point sources of pollution, there are also instantaneous release 
sources of pollution that come from accidental spillages (Czernunko and Rowinski, 2005). 
Instantaneous pollution is not mentioned much in literature. Thus, point and non-point 
pollution are highly associated with anthropogenic companies.  
 
A comparison of point and non-point pollutants is shown on Table 2.6. Non-point sources 
of pollution come from storm water drainage, farm runoff, surface water runoff, 
construction sites, and other land disturbances (Peirce et al. 1998; Björklund et al. 2009). 
Point source pollution, on the other hand, comes mainly from industrial facilities and 
municipal wastewater treatment plants (Peirce et al. 1998; Björklund et al. 2009). The 
non-point pollution from agriculture and urban areas often constitutes a greater total 
pollutant load than industrial point source pollution (UNEP, 2007; US EPA, 2006). This is 
because non-point source pollutant loads in a drainage basin are a function of both 
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precipitation and the range of human activities, especially agriculture, in the basin. The 
Joint Maputo River Basin Water Resources Study (TPTC, 2008) alleges that point and 
non-point sources of pollution are located near urban and industrial areas within the basin. 
These include a number of wastewater treatment plants, industrial discharges, and 
agricultural plantations in the Mbabane-Matsapha-Manzini corridor and Big Bend in 
Swaziland, as well as Piet Retief, Pongola, Paulpietersburg and Amsterdam in the 
Republic of South Africa.  
 
Table 2.6: Comparison of Point & Non-point Sources of Water Pollution  
POINT SOURCES NON-POINT SOURCES 
Fairly steady volume and quality Highly dynamic; occurs at random intervals 
closely related to hydrological cycle 
Variability of values typically less than one order of 
magnitude 
Variability of values can range across several 
orders of magnitude 
Most severe water quality impacts typically occur during 
low-flow summer periods 
Most severe water quality impacts occur during 
or after storm events 
Enters receiving waters at identifiable points, usually 
through pipelines or channel sources 
Entry point to receiving waters usually cannot be 
identified; typically arises from extensive land 
areas 
Can be quantified with traditional hydraulic techniques Difficult to quantify with traditional techniques 
Primary water quality parameters are organic water 
pollutants (biochemical oxygen demand), dissolved 
oxygen, nutrients, suspended solids and sometimes 
heavy metals and synthetic organic chemicals 
Primary water quality parameters are sediments, 
nutrients, heavy metals, synthetic organics, 
acidity and dissolved oxygen  
Control programmes typically applied by government 
agencies 
Control programmes involve individuals not 
normally considered in pollution control 
programmes (such as farmers and urban 
homeowners) 
Source: Thornton et al. 1999. 
 
Since point source water pollution is the main focus of this study, the following section is 
devoted to its discussion, mainly in the context of the types of pollutants produced by 
various anthropogenic activities. The point sources of anthropogenic water pollution in this 
discourse include industries, wastewater treatment works, waste disposal facilities, and 
mining. Despite that this study has limited its investigation to point sources of water 
pollution, non-point sources of pollution such as storm water run-off, irrigation water 
return, and trans-boundary movement are discussed in this study as they may be of 
anthropogenic origin; and would enhance and enrich the researcher‘s understanding. 
 
2.7.1 Point Sources of Pollution 
 
2.7.1.1 Industries 
Rapid industrial growth has led to devastating water pollution problems at a global scale 
(Wong et al. 2007; UNEP, 2007; UNECA, 2006). Rivers and their basin, seas, and lakes 
are usual recipients of industrial pollution because disposal of waste in to them is cheap 
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and convenient (UNEP, 2007; Mthimkhulu, 2009; Smith 2008). Table 2.7 illustrates 
examples of industrial premises which can pose a pollution threat.  
 
Table 2.7: Industrial and Commercial Premises Posing Pollution Threat 
TYPES OF 
PREMISES 
ACTIVITY AND POTENTIAL POLLUTANTS MEASURES TO CONTAIN OR AVERT 
POLLUTION INCIDENTS 
Metal 
working and 
Plating 
- Delivery, storage, and use of cyanide and 
compounds of Ni, Cd and Cr for electroplating. 
- Delivery, storage, and use of cyanide for case-
hardening. 
- Delivery, storage, and dispensing from drums of 
C2HCL3 (Trichloro ethylene)  
- Factory having own effluent treatment 
 
- Factory having own effluent treatment 
- Solvents stored in bunded enclosure 
Timber 
Treatment 
Delivery, storage and use of Protim (timber 
preservative) FD (PCP and tributyltin oxide) 
Containment of any spillage: the timber 
normally absorbs the chemical, so no 
effluent should arise. 
Animal 
Foodstuff 
Delivery, storage and use of acetic acid, 
formaldehyde, H3PO4, (phosphate acid) formic acid, 
propionic acid and urea. 
Careful handling of deliveries. These 
chemicals are not seriously hazardous. 
Paper Mill Storage and use of resin gelatine starch and 
methanol 
Mill should have own effluent treatment. 
Waste methanol tinkered to off-site 
disposal.  
Tannery Delivery storage and use of: - Sodium hydrosulphite 
and dithionite, ammonia solution, nonionic detergent, 
formalin, alizarin dyes, and chromium sulphate 
Factory having effluent balancing tank 
and some treatment prior to discharge 
to sewage treatment works. 
Milk factory Accidental discharge of whey and milk solids, with 
high BOD. 
Wastewater treatment at factory 
Intensive 
farming of 
livestock 
(cattle, pigs, 
poultry) 
- Winter accumulation of manure slurry, high in 
ammonia which may flow or leach into a watercourse. 
- Storage of grass silage, generating a liquor of very 
high BOD 
- Adopting a sound design of slurry 
storage system: spreading slurry on 
land in summer. 
- Diluted silage liquor can be sprayed 
on land in summer 
Source: CIWEM, 1988 
 
As shown in Table 2.8, trends in water use in industry vary from industry to industry 
depending largely on its state of development/advancement and differences in water 
efficiency use strategies.  
 
Table 2.8: Water Use per Tonne of Product Produced in Selected Industries 
PRODUCT WATER USE 
@ 
(CUBIC METRES PER TONNE) 
Paper 80-2,000 
Sugar 3-400 
Steel 2-350 
Petrol 0.1-40 
Soap 1-35 
Beer 8-25 
a.
 Amount varies with process used. 
Source: Margat and Andréassian, 2008 in UNEP, 2007. 
 
Virtually all industrial companies generate water pollutants (UNEP, 2007). Industry creates 
pressure on water resources from the impacts of wastewater discharges and their 
pollution potential than by the quantity used in production (Margat and Andréassian, 2008 
in UNEP, 2007). Concentrations of pollutants present in the wastewaters vary according 
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to both the source of the effluent, the precautions taken within the manufacturing plant, 
and the treatment that water receives prior to discharge (Singh, 2001). The wastewaters 
produced by industrial processes contain a wide variety of contaminants, some of which 
are compounds that are non-biodegradable or may be toxic to biological organisms, 
crops, livestock and humans (Smith, 2008). Examples of most important industrial 
pollutants in water are discussed below. 
 
Organic Pollutants 
Organic materials (Table 2.9) are one of the most globally significant industrial pollutants 
in the world‘s freshwater resources (UNEP GEMS/Water Programme, 2008). A discussion 
on bio-oxidizable and synthetic organic contaminants follows the table below. 
 
Table 2.9: Some Organic Pollutants in Industrial Wastewaters 
SUBSTANCES PRESENT IN 
WASTEWATER 
PROCESS/INDUSTRY 
Sugars Dairies, breweries, preserve manufacture, glucose and sugar beet 
factories, chocolate and sweet industries. 
Starch Food processing, textile industries, wallpaper manufacture. 
Proteins Food processing, diaries, tanneries, slaughter houses. 
Fat, Oils and Greases (FOGs) Wool scouring, laundries, textile industries, oil refineries, engineering 
works. 
Phenols Synthetic resin manufacture, textile industries, tanneries, chemical plants, 
dye manufacture. 
Formaldehyde Synthetic resin manufacture. 
Mercaptans Oil refineries 
Hydrocarbons Petrochemical and synthetic rubber factories. 
Chlorinated hydrocarbons Wastes from manufacture of chemical including solvents and pesticides. 
Source: WEDC, Undated 
 
Bio-oxidizable Organic Compounds: - Organic pollutants such as high levels of 
biochemical oxygen demand (BOD) and chemical oxygen demand (COD) concentrations 
particularly from food processing industries including milk processing plants/dairies, 
breweries, beverages, and sugar refining and distilleries; tanneries; pulp and paper mills; 
and textile industries are still evident in many water courses globally, leading to low 
dissolved oxygen (DO) concentrations of the water sources into which they are 
discharged (WEDC, Undated; Singh, 2001). Countries in the Northern and Southern parts 
of Africa are having the highest percentage of fresh water resources that have been 
polluted by industrial organic pollutants (UNECA, 2006). For example, more than 126 
factories in Maputo discharge waste directly into the environment (UNECA, 2006). In 
Tanzania, textile mills in Dar Salaam release dyes, bleaching agents, alkalis, and starch 
directly into Msimbazi Creek (UNECA, 2006). In Swaziland, MTEC (2001) reports that 
COD is a major pollution problem in major rivers in Swaziland including the Lusushwana 
River. Records show levels as high as 120 mg/L. Mwendera et al. (2002) believe that 
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COD is a problem at the Lusushwana River, and levels could be as high as 200 mg/L. 
Organic matter in favourable levels enhance microbial respiration and invertebrate 
production of aquatic ecosystems but at elevated levels, upset the production balance of 
an aquatic system and lead to excessive bacterial production and consumption of 
dissolved oxygen, destruction of fish, cattle poisoning, microbial growth, foul odour, 
corrosivity, and to a reduction in aesthetic values of water resources (UNEP Gems/Water 
programme, 2008). Singh (2001) states that BOD levels of 85-310 mg/L can cause cattle 
poisoning and destroy fish. 
 
Synthetic (Man-made) Organic Compounds: - Over 1.8 million synthetic organic 
contaminants popularly referred to as persistent organic pollutants (POPs) from industry 
and agriculture remain a significant water quality problem in the world (UNEP 
GEMS/Water Programme, 2007:2008 Stark et al. 2000; UNEP, 2007; Smith, 2007). 
Organic contaminants are chiefly anthropogenic chemicals that enter the environment 
through pesticide use, industrial chemical use, and as by-products of degradation of other 
chemicals (UNEP GEMS/Water Programme, 2008). Organic compounds contain strong 
chemical bonds which resist microbial degradation. These compounds are used by a 
variety of industries in manufacturing processes and as solvents for cleaning. These 
industries include textiles, printing, chemical production, petroleum refining, food and 
leather production (Smith, 2007; Ellis, 1991). Groups of synthetic organic compounds 
include (Smith, 2008): 
 Pesticides and Agrochemicals: - some of these compounds can survive for long 
periods in the environment. For instance 95% degradation of DDT (C14H9Cl5) takes 
up to 30 years in the environment (Smith, 2008). Hence, even though banned 
years back it is still a water quality problem in some countries (UNEP Gems/Water 
programme, 2008). Pesticides include chlorinated compounds, such as DDT, 
aldrin (C12H8Cl6) and lindane (C6H6Cl6), and organophosphate such as parathion 
(C10H14NO5PS) and melathion (C10H19NO6PS2) (Smith, 2008).  
 Surface Active Agents: - used for washing, emulsifying, and wetting. These 
chemicals lower the surface tension of water. Their molecules are made of 
hydrophobic and hydrophilic parts. Most notably, surfactants can cause problems 
of foaming in rivers and limit the diffusion of oxygen in re-aeration. Also, these 
compounds cause problems of toxicity or accumulation due to slow rates of 
biodegradation (Smith, 2008). 
 Others: - Other synthetic organic compounds include chlorinated aromatic 
compounds such as benzene rings such as poly-chlorinated bi-phenols (PCBs), 
and poly aromatic hydrocarbons (PAHS) (Smith, 2008). 
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Twelve globally significant POPS popularly referred to as the ―dirty dozen‖ (identified 
under the Convention on Persistent Organic Pollutants in Stockholm in 2004) listed in 
Table 2. 10 pose the greatest known threat to the environment and human health (UNEP 
GEMS/Water Programme, 2008). Nine of the twelve POPs are classed as organochlorine 
pesticides and the rest are industrial chemicals or by-products (UNEP GEMS/Water 
Programme, 2008). These POPs tend to persist in the environment, are widely distributed 
geographically, and bio accumulate through the food chain (UNEP GEMS/Water 
Programme 2008; Ongley, 1996). Concerns over health effects of these compounds in 
humans and animals led to bans of some pesticides and chemicals in different parts of the 
world. Such bans resulted in noticeable improvements in surface water quality especially 
in China and are reported to be within limit in many countries (UNEP Gems/Water 
programme, 2007:2008).  
 
However, polychlorinated biphenyls (PCBs) in the form of synthetic oils mostly found in 
electric transformers, hydraulic oils and lubricants, which are found to be carcinogenic and 
have been banned in many countries are still found to be persistent in tissues of aquatic 
organisms and in sediments at levels above consumption guidelines (Paul and Mayor, 
2001). Also, organochlorine insecticides such as Lindane are still in use in many parts of 
the world today, and residues have been detected in surface waters. Since pesticides are 
capable of undergoing long-range atmospheric transport, pesticides or their breakdown 
products have been detected in precipitation, surface waters, and biota in regions far from 
the original source. Also, the deposition of pesticides in remote environments, often in 
Arctic and alpine regions, threatens already sensitive terrestrial and aquatic ecosystems 
(UNEP Gems/Water programme, 2007). Thus, signatory governments to the Stockholm 
Convention on Persistent Organic Pollutants are required to take measures to eliminate 
(phase out) or reduce their release into the environment (Hlophe, 2009).  
 
Table 2.10: Persistent Organic Pollutants Schedules to be Phased Out & Eliminated 
under the Stockholm Convention 
SUBSTANCE CLASS 
Aldrin Pesticide 
Chlordane Pesticide 
Dieldrin Pesticide 
Endrin Pesticide 
Heptachlor Pesticide 
Hexachlorobenzene Pesticide/industrial chemical/by-product 
Mirex Pesticide 
Toxaphene Pesticide 
Polychlorinated biphenyls (PCBs) Industrial chemical/by-product 
DDT Pesticide 
Dioxins By-product 
Furans By-product 
Source: UNEP Gems/Water Programme, 2008 
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Swaziland is a signatory and party to the Stockholm Convention since 2006. As shown in 
Photo 2.1, Swaziland is faced with the problem of POPs more especially synthetic oils 
which are contained in transformers, and other hydraulic oils and lubricants which 
industries are trying to discard. From personal knowledge, the limitation on safe disposal 
of POPs and other hazardous wastes at Matsapha is that Swaziland does not have a 
hazardous waste disposal facility and the Swaziland Environment authority was still 
expected to ratify the Basel Convention on trans-boundary movement of hazardous waste 
to enable the safe disposal of POPs by companies. Nonetheless, in 2009, Swaziland was 
in the process of developing the national implementation plan to the Conference of 
Implementation, and a preliminary inventory to strategize on the management of POPs 
and its obligation to the convention (Hlophe, 2009). The IncoMaputo Agreement of 2002 
identified and prioritised on substances that were subject to special attention in view of 
their persistent bioaccumulative and toxic characteristics as: (a) Aldrin/dieldrin (b) 
Benzo(a)pyrene (c) Chlordane (d) DDT, DDP, DDE (e) Hexachlorobenzene (f) Mercury (g) 
Phenol (TPTC, 2008). 
 
 
Photo 2.1 : Examples of Persistent Organic Pollutants (disused transformers 
containing synthetic oils and disused hydraulic oils and lubricants) in Matsapha, 
Swaziland 
Source: Hlophe, 2009 
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Inorganic Pollutants 
Important inorganic pollutants in industrial wastewater are shown in Table 2.11.  
 
Table 2.11: Important Inorganic Pollutants in Industrial Wastewaters 
SUBSTANCES EXAMPLE 
Acids and Alkalis Sulphuric acid, caustic soda etc. 
Anions Sulphate, nitrate, phosphate, fluoride, sulphide, cyanide, etc. 
Toxic Metals Copper, zinc, lead, nickel, chromium, cadmium, silver, mercury, 
uranium, etc. 
Gases in Solution Hydrogen sulphide, chlorine, ozone, phosphene etc. 
Soluble salts Bicarbonates, compounds of chlorine, sulphur, nitrogen, 
phosphorous, etc. 
Insoluble Compounds Talc, china clay, chalk, gypsum, titanic dioxide, zinc sulphide, etc. 
Source: WEDC, Undated 
 
A few examples of industries that may produce wastewaters with significant inorganic 
pollutants are listed below:  
 Industries involved in metal cleaning, plating, tanning, textiles, battery making, 
pickling and refining produce chemicals pollutants such as As, Cr, Cd, Cu, Fe, Hg, 
Pb, and Zn. These pollutants are considered primary toxicants (Singh, 2001); 
 Acids and alkaline materials from textile and chemical industries, and industries 
using coal as a fuel. These pollutants are considered to disrupt the pH buffer 
system of natural waters, reducing its potential to kill harmful micro-organisms 
(Singh, 2001); 
 Fe2+, Ca2+, Mg2+, Cl- and SO-4 in wastewaters from metallurgical, cement and 
ceramic industries. These pollutants are considered to change the nature of the 
water into which they are discharged, affecting its staining characteristics, 
hardness, and salinity (Singh, 2001);  
 Oxidizing and reducing agents such as ammonia, nitrate, nitrite, and sulphate 
discharged from industries dealing in fertilizers, textile, and dyeing. These 
pollutants are considered to alter the chemical balance of the wastewaters and 
cause problems of rapid oxygen depletion, foul odour, and microbial growth in the 
waters where they are discharged into (Singh, 2001); 
 Soluble carbohydrates from sugar refining and discharges from distillers, 
tanneries, milk processing, pulping, paper making, and textile mills containing high 
quantities of bio-oxidizables which increases BOD levels (Singh, 2001); 
 Poultry processing, wood processing, and tanning industries discharging 
wastewaters containing large amounts of pathogenic organisms (Singh, 2001); 
 Chemical industries discharging various types of metals including As, Pb, Zn, and 
Hg; as well as organic and inorganic pollutants such as high BOD levels which 
may cause cattle poisoning and kill fish (Singh, 2001);  
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 Tannery and leather processing industries discharging effluents containing blood, 
salts, calcium, sulphate, and chromium which may be unfavourable for aquatic and 
human life. High BOD levels (85-310mg/l), which may cause cattle poisoning and 
destroy fish. High pH levels (8-13), which may cause fungal plant diseases and 
contaminated irrigation waters, which is a risk to human health (Singh, 2001); 
 Dry cleaners and automobile servicing centres which discharge high levels of 
BOD, oil, grease, and alkalis (Singh, 2001); 
 Thermal power plants which discharge wastewaters contaminated with various 
heavy metals, acids and suspended solids from the physical and chemical 
treatments of boiler feed or boiler cleaning (Singh, 2001); and 
 Fluorides released into water courses in wastewaters from various industrial 
processes, including steel manufacture, primary aluminium, copper and nickel 
production, phosphate ore processing, phosphate fertilizer production and use, 
glass, brick and ceramic manufacturing, and glue and adhesive production (IPCS, 
2002). 
 
Significant industrial inorganic pollutants in most rivers in the world such as metallic 
pollutants and nutrients enrichment are discussed below.  
 
Metallic Pollutants: - Metallic contaminants such as mercury, copper, selenium, arsenic 
and zinc, lead, nickel, chromium, cadmium, silver, uranium, and iron are still a concern in 
many water bodies around the world (UNEP Gems /Water Programme, 2007). Metals are 
usually present as salts or compounds. The nature of the salt can have implications for 
the mobility and toxicity as some compounds are soluble and pass in water and the food 
chain more effectively which can result in higher concentrations of metals than those that 
would be found naturally (Smith, 2008). Mercury and lead from industrial and commercial 
activities threaten human and ecosystem health in some areas (UNEP Gems /Water 
Programme, 2007:2008; Björklund et al. 2009). Arsenic is also a significant problem in 
many countries including Bangladesh and India, and to a lesser extent in Vietnam and 
Cambodia (Charlet and Polya, 2006). Arsenic may be found in higher concentration in 
wastewaters from heavy industry. Arsenic may lead to development of skin lesions, and 
cancer in people exposed to excess concentrations through drinking water, bathing water, 
or food. An emerging water quality concern associated with chemicals in industrial and 
commercial activities is the impact of endocrine disruptors, pharmaceuticals, and personal 
care products such as birth control pills, painkillers, and antibiotics on aquatic 
ecosystems. Little is known about their long-term human or ecosystem impacts, although 
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some are believed to mimic natural hormones in humans and other species (UNEP 
Gems/Water Programme, 2007:2008; Björklund et al. 2009).  
 
Long-term monitoring of metals in surface water supplies that would provide background 
information is needed to determine the suitability of water resources for human 
consumption. Investment in technology is also needed for improved risk assessment, 
effective monitoring and legislation enforcement; and complying with best practice can be 
vital at curbing metallic pollution at point source (UNEP Gems/Water Programme, 2007).  
 
Nutrient Enrichment: - Nutrients of concern in most surface water resources are mainly 
phosphorus and nitrogen (UNEP Gems/Water Programme, 2007; USA EPA, 2006). Major 
sources of nutrients to freshwater resources include industrial effluents, irrigation water 
return, domestic sewage, animal manure, lawns, and atmospheric inputs from fossil fuel 
burning and also from bush fires. Elevated concentrations of nutrient compounds in water 
are potentially harmful to humans, livestock, and aquatic life. The main phosphorous 
compounds of concern are dissolved orthophosphate compounds. Globally, the most 
prevalent water quality problem resulting from high-nutrient loads is eutrophication, which 
substantially impairs beneficial uses of water resources (Stark et al. 2000; UNEP 
Gems/Water Programme, 2007:2008; USA EPA, 2006; Björklund et al. 2009).  
 
Excessive nutrient inputs can also cause harmful cyanobacteria or blue-green algal 
blooms even though there are global warming implications associated with this 
phenomenon, as cyanobacteria have a competitive advantage over other types of algae at 
higher temperatures. In recent decades, blue-green algae have increased in freshwater 
and coastal systems in the East China Sea (UNEP Gems/Water Programme, 2007). 
Toxins produced by excessive algal blooms are concentrated by fish and other marine 
organisms and can cause fish and shellfish poisoning. In people they can cause acute 
poisoning, skin irritation and gastrointestinal illnesses (UNEP Gems/Water Programme, 
2007).  
 
Effective, improved, and long term water resources monitoring; and best practice 
strategies for curbing or eliminating nutrient enrichment pollution are paramount 
worldwide. These strategies could be targeted at non-point sources such as irrigated 
agricultural companies, and point sources such as discharge of municipal waste into rivers 
and lakes (UNEP Gems/Water  Programme, 2007:2008; UNEP, 2007). Further, key 
solutions to reduce nutrient enrichment pollution of water resources through desalination, 
water re-use and wastewater treatment technologies are required (Connor, 2009).  
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Thermal Pollution  
Heat is also an important industrial waste, which may drastically alter the ecology of a 
river. The primary effect of heating is deleterious in lowering the solubility of oxygen in the 
water and thereby reducing the amount of dissolved oxygen (DO) available to gill-
breathing species. As the level of DO decreases, metabolic activity of aerobic aquatic 
species increases, thus increasing oxygen demand (Björklund et al. 2009).  
 
Total Suspended Solids 
Total suspended solids (TSS) are also important industrial pollutants. TSS also 
contributes to oxygen depletion; in addition, they create unsightly aesthetic conditions and 
can cause unpleasant odours (Björklund et al. 2009; UNEP Gems/Water Programme 
2007).  
 
Pathogenic Organisms 
Wastewater discharges from poultry, meat, and wood processing; and from tanning, 
contains significant amounts of pathogenic organisms such as bacteria, protozoa, and 
helminth eggs which can adversely affect human health (Singh, 2001). 
 
2.7.1.2 Wastewater Treatment Plants 
Wastewater discharges from combined wastewater treatment plants are an important 
source of various water pollutants including total suspended solids (TSS) and turbidity, 
oxygen demand (DO), chemical oxygen demand (COD), biochemical oxygen demand 
(BOD), pathogens, toxic chemicals (including heavy metals, phenols and various 
chemicals such as surfactants, nutrients (mainly nitrogen and phosphorous compounds), 
helminth eggs, colour, pH and ammonia (WEDC, 2009). These pollutants are discussed 
under two broad headings, microbial pollution and industrial pollutants below.  
 
Microbial Pollution 
The rate of establishment and expansion of improved wastewater treatment plants to 
accommodate expanding populations and new industrial processes has been outpaced by 
rapid growth in some urban areas in both developing and developed countries, more 
especially in Asia and Latin America (UNEP Gems/Water Programme, 2007). Thus, 
globally, sewage is still discharged into rivers untreated or partially treated; and the 
practice is rife in African countries (Björklund et al. 2009; UNECA, 2006). For example, in 
eight of UNEP‘s thirteen Regional Seas Programme regions, over 50% of the wastewater 
discharged into freshwater and coastal areas is untreated, rising to over 80% in five 
regions (Björklund et al. 2009). 
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The contamination of surface waters by microbial pollutants is probably the most 
important water quality issue in the developing countries, where access to safe, clean 
water for drinking, bathing and irrigation is often unavailable (UNEP Gems/Water 
Programme, 2007:2008). Microbial contamination comes from broad classes of microbes 
that include bacteria, protozoa, parasitic worms, fungi, and viruses. In addition to causing 
low DO levels, microbial contamination may be a health hazard, and are known for 
causing diseases such as sore throat, scarlet fever, pneumonia, diarrhoea and other 
diseases affecting the gastro intestinal tract (BICON, 2009; FEC, 2009). Globally, 
microbiologically contaminated water remains the greatest single cause of human 
diseases and death, as three million people die annually from diarrhoea. Most of the 
victims are under five years old (DFID, 1998; UNEP, 2007; Bern et al. 1992). 1.4 million 
children die each year from diarrhoeal diseases (Connor et al. 2009).  
 
Therefore with continued population growth, and urbanization, more investment needs to 
be made in installing, expanding and improving water supply infrastructure and sanitation 
facilities in both developing and developed countries, as well as establishing appropriate 
wastewater treatment facilities to accommodate new industrial processes. This is 
necessary for effective water and wastewater treatment in order to reduce the microbial 
contaminant loads to acceptable levels. This would result not only result in improvements 
in human health on a global scale, but also improved ecosystem health. All this cannot be 
achieved successfully without good planning, political and institutional will, and financial 
and technical resources (UNEP Gems/Water Programme, 2007). 
 
Industrial Wastewater Pollutants 
The presence of industrial effluents in municipal wastewater may alter the flows and 
characteristics of the wastewater possibly causing various effects in receiving waters 
including high flow rates; nutrients enrichment, high BOD and COD loadings; exceptional 
pH values; high concentrations of suspended solids; toxic materials; and exceptional 
temperatures (WEDC, 2009). Nutrients enrichment from wastewater treatment plants is a 
serious growing water pollution problem at a global scale (UNEP Gems/Water 
Programme, 2007). For instance, projected food production needs and increasing 
wastewater effluents associated with an increasing population over the next three 
decades suggest a 10%-15% increase in the river input of nitrogen loads into ecosystems 
(UNEP Gems/Water Programme, 2007). Thermal stratification in nutrient-enriched lakes 
with high BOD levels can produce chemical conditions allowing nutrients and heavy 
metals in lake bottom sediments to re-enter the water column. This can cause harmful 
environmental impacts on the lake‘s fisheries such as in Lake Erie‘s which has an oxygen-
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depleted bottom zone (UNEP Gems/Water Programme, 2007). The eastern and southern 
coasts of North America, the southern coasts of China and Japan and large areas around 
Europe have also undergone oxygen depletion (UNEP Gems/Water Programme, 2007). 
The world‘s largest dead zones has appeared off the mouth of the Mississippi River in the 
Gulf of Mexico, attributed to excessive nitrogen loads from the river, with harmful impacts 
on biodiversity and fisheries (UNEP Gems/Water Programme, 2007).  
 
Although many industries produce effluents which can be treated by the same technology 
as domestic sewage and potable water treatment (i.e. settlement of solids and biological 
oxidation), they may still require technologies that are specific to industrial applications 
since their wastewater contains a variety of contaminants, and this variety may mean that 
a wide range of treatment systems are necessary to control their impacts on aquatic 
ecosystems (Smith, 2008). As a result, in a combined sewerage system, monitoring 
officers should ensure that industrial effluents do not overload, inhibit or damage 
treatment processes and plant. As good practice, it is preferable to make the polluter pay 
with treatment on site prior to discharge into domestic wastewater (WEDC, 2009). Various 
wastewater treatment processes, physical, chemical, and biological are available, and 
their selection should be on the bases of appropriate criteria such as the characteristics of 
the wastewater, desired quality of outgoing effluents, availability of funds, availability of 
land, sludge treatment and disposal, cultural suitability, resources, and expertise available 
(WEDC, 2007).  
 
2.7.1.3 Municipal Waste Disposal Facilities 
Landfill leachate contains pollutants that can be categorized into dissolved organic matter, 
inorganic macrocomponents, heavy metals, and xenobiotic organic compounds (Kjeldsen 
et al. 2002). The major potential environmental impacts related to landfill leachate are 
pollution of ground and surface waters. According to George et al. (1993), leachate from a 
landfill contains substances that influence BOD, TOC, COD, Organic Nitrogen, Ammonia 
nitrogen, Nitrate, Total Phosphorus, Ortho phosphorus, alkalinity as CaCO3, pH, Total 
Hardness, Calcium, Magnesium, Potassium, Sodium, Chloride, Sulphate and total Iron. 
Kjeldsen et al. (2002) state that ammonia constitutes a major long-term pollutant in 
leachate. It has been reported toxic to fresh water organisms at concentrations ranging 
from 0.53 to 22.8 mg/L. Toxic concentrations of ammonia in humans may cause loss of 
equilibrium, convulsions, coma, and death (Kentucky Water Watch, Undated). UNEP 
Gems/Water Programme (2007), states that mercury and lead from landfill leachate 
threaten human and ecosystem health in some areas. Hence, the discharges of leachate 
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into freshwater ecosystems have detrimental effects in view of the chemical influences of 
the leachate in the water. 
 
2.7.1.4 Mining 
Localized pollution occurs frequently with mining activities in some areas (Björklund et al. 
2009). For example, Eastern Europe, South- East Europe, the Caucasus and Central Asia 
regions have been cited by the United Nations Economic Commission for Europe as 
having mining companies with severe impacts on water and the environment. Also in 
some river basins such as Belarus, Kyrgyzstan and Tajikistan, the mining industry is a 
major pollution source with numerous storage facilities (such as tailing dams for mining 
wastes) posing substantial risks (Björklund et al. 2009). Progressive mining in Swaziland 
suggests that there is need to research further to ascertain what might be the adverse 
impacts of mining to the environment, and to strengthen surface water monitoring 
(Mthimkhulu, 2009). Investigations show that the Bulembu Asbestos Mine which is laden 
with serpentine (―quasi fibrous magnesium silicate‖) caused the diminishing of trout fish 
populations in the Komati River downstream (MNRE, 1997). There is also concern about 
high pH and sulphate concentration on surface waters in Swaziland arising from acid mine 
drainage in the coal mining area at Paulpietersburg in the upper Pongola River in South 
Africa (MNRE, 1997; Mwendera et al. 2002).  
 
If no mitigation measures are in place, mining pollution can lead to serious environmental 
degradation and water contamination. Impacts include lowering of water tables, with 
negative consequences for vegetation, ecosystems and farming; and groundwater 
contamination with heavy metals in water drained from mines and waste (mine tailings) 
which may affect downstream ecosystems and freshwater. Mercury and lead from 
artisanal mining threaten human and ecosystem health, with emissions from coal-fired 
power plants being a major source of the mercury accumulating in the tissues of fish at 
the top of fish trophic levels (Björklund et al. 2009). Problems with heavy metals from 
mining go beyond the drinking water supply, also affecting food quality. Mostly noted is 
the preferential accumulation of cadmium in rice grain when effluent from zinc mines is 
used for irrigation (Björklund et al. 2009).  
 
2.7.2 Non-point Sources of Pollution 
 
2.7.2.1 Agricultural Activities 
Water return from irrigation is the most significant non-point pollutant source of 
phosphorus and nitrogen in rivers in most countries (UNEP, 2007). USA EPA (2006), for 
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example, notes that agricultural activities contribute the largest quantity of nutrient 
enrichment to water bodies in the US. The problem of nutrient enrichment in agriculture is 
attributed to high application of fertilizers (Mwendera et al. 2002). As already discussed, 
the major concerns about nutrients enrichment is eutrophication and blue-green algae 
blooms, which has become a major impact in most rivers in the world (UNEP, 2007). In 
Swaziland, intensive agricultural companies, particularly in the Lowveld, are reported to 
contribute to the country‘s poor surface water quality due to poor land practices that 
inevitably increase sediment yields (Mwendera et al. 2002). Irrigation water return are 
believed to contribute to salinisation and high nutrient enrichment of rivers along the 
Maputo River Basin, and the greatest impact is believed to come from irrigated agricultural 
plantations from Big Bend, Pongola, Nsoko, Matsapha and Malkerns areas (TPTC, 2008). 
Excessive application of agro-chemicals has been reported. For instance, reports on dead 
fish in Swaziland were said to result from pesticidal infiltration from agricultural fields 
(MTEC, 2001; MNRE, 1997). Nutrient enrichment of freshwater ecosystems can be 
managed by regulating direct or indirect inputs of nitrogen and phosphorus with the aim of 
either reducing or increasing primary production. Furthermore, engineering solutions, best 
practices (water use, minimization and recycling) can be applied to solve nutrient 
enrichment environmental issues (TPTC, 2008; MTEC, 2001; MNRE, 1997). 
 
2.7.2.2 Storm Water Drainage & Surface Water Run-off  
Storm water drainage and surface runoff is another major non-point pollutant source for 
surface water resources in most urban areas and developed countries such as the USA 
and Beijing city (Li et al. 2007; UNEP GEMS/Water Programme, 2007). Various studies 
(Muschack, 1990; Sansalone and Triouillard, 1999; Wang et al. 2008) show that a great 
proportion of pollutants such as heavy metals (copper [Cu], chromium [Cr], lead [Pb], 
nickel [Ni], and zinc [Zn]), total organic carbon (TOC) and polynuclear aromatic 
hydrocarbons (PAHs) in street runoff are attached to street/road surface particles during 
dry weather and washed down into water bodies in wet periods.  
 
Dlamini (2005) states that in Swaziland, in addition to urban and peri-urban water run-off 
which may contain faecal matter and heavy metals, effluents discharged into storm water 
drainage are eventually discharged into water courses and may  contain a variety of 
pollutants including toxic substances such as solvents, paints, break fluid, heavy metals, 
ink, dry cleaning chemicals, dyes, and oils. Various sources (MNRE, 1997; TPTC, 2008; 
IC Development, 2007), believe that Swaziland‘s surface water is generally unsafe for 
human consumption due to faecal contamination from poor sanitation measures, and poor 
animal husbandry practices in rural and peri-urban areas. No monitoring data is available 
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to highlight specific problem areas but an assessment of reports on outbreaks of 
diarrhoea and cholera in rural areas where people still use surface waters as a source of 
drinking water identify general areas of concern that microbial pollution in the country 
results into outbreaks of water-borne diseases (TPTC, 2008). 
 
2.7.2.3 Transboundary Movement 
Transboundary water pollution is reported to impact on several rivers in Swaziland 
(MNRE, 1997; Mwendera et al. 2002; Mushala, 2000). Air pollutants such as sulphur 
dioxide and carbon dioxide emitted by coal fired power stations in Mpumalanga in the 
Republic of South Africa tends to influence parameters such as pH, total alkalinity and 
sulphate levels in some rivers in Swaziland (Mushala, 2002). Progressive acidification of 
the Nkomazi and Lusushwana Rivers is believed to result from high emissions of sulphur 
dioxide and carbon dioxide from the Highveld (MNRE, 1997; Mushala, 2000; Mwendera et 
al. 2002). Also, the Lusushwana and Nkomazi Rivers were reported to be receiving 
pollutants from industries discharging untreated effluents situated in the Mpumalanga 
province; and the southern tributaries of the Usuthu, Ngwempisi, Mkhondvo and Ndlotane 
Rivers were reported to be receiving industrial effluent pollution from a paper mill in Piet 
Retief in the Republic of South Africa (MNRE, 1997; Mwendera et al. 2002; Mushala, 
2000). Hence, Integrated Water Resources management (IWRM), constant monitoring of 
water quality and the assessment of impacts on riparian communities is imperative in 
Swaziland and elsewhere (Mushala, 2000). 
 
2.7.3 Instantaneous Sources of Pollution 
Within the industries housed at Matsapha, are petroleum transportation and storage 
compounds which serve as the national fuel reserve. Deliveries to the storage tanks are 
made regularly by rail and road. Thus, there is a continuous transfer of petroleum 
occurring, and containers are left unloaded day and night on the town‘s central business 
district (CBD) road shoulders. Hence, instantaneous pollution due to accident or leakage 
is a potential threat. A spillage of any magnitude would greatly increase the risks of water 
pollution, explosion, fire, health and safety hazards (IC Development, 2009; Building 
Design, 2007). 
 
2.7.4 Pollution Pathways 
There are multiple pathways for pollutants to enter the surrounding environment (PPRC, 
2008). This makes the identification of pollution pathways in water resources management 
important because pollutants can move swiftly through multiple routes to the aquatic 
environment where they may cause pollution (PPRC, 2008; Pegram and Gorgens, 2001; 
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TPTC, 2007). Surface water pollutants may have both direct and indirect pathways 
(PPRC, 2008). A direct pathway “is a pathway from the source of the pollutant to the 
media without an intervening media” (PPRC, 2008). For example, wastewater form a point 
source discharged directly into the water at the point of generation is a direct pathway. An 
indirect pathway “is a pathway that involves one or more additional steps to reach an 
environmental media” (PPRC, 2008). For example, wastewater discharged from a point 
source (i.e. industry) into a storm water drain or wastewater treatment plant or wastewater 
discharged onto the land and washed down by rainfall to surface water. In this example, 
the wastewater pollutant went by way of the land before arriving in the water and 
ultimately causing pollution. 
 
Summary 
Section 2.7 has addressed the global and national situation on sources of pollution, and 
their environmental implications, but it is relevant to local conditions at Matsapha where 
the whole of the Matsapha industrial estate sits on a vast wetland, gently slopes towards 
the Lusushwana River, and consists of four natural drainage systems and numerous 
made-made ones; and there is a variety of industries, and companies, all eventually 
through various pathways depositing/discharging their wastewaters into the Lusushwana 
River. Hence, the water courses traversing the Matsapha industrial estate are under 
continuous pollution threat from urban water runoff, the industries, companies, and 
drainage system in the industrial estate. The discussion showed that wastewater may 
contain a variety of contaminants depending on the source, which may affect the quality of 
the receiving water course. The resilience of the receiving water course to pollutants 
depends on the water‘s distinctive properties. Hence, the next section discusses the 
qualities of water and how they react to pollution, and best practice approaches that can 
be adopted to reduce pollution. 
 
2.8 Water & Wastewater Quality & Analytical Methods, 
Standards & Best Practice 
This section addresses water properties and quality concerns as well as the various water 
parameters of interest for this study, and water quality analysis methods. Important water 
and wastewater objectives and standards relevant to this study are also outlined. The 
section considers some of the reasons for carrying out water monitoring and wastewater 
treatment but not the various types of available water and wastewater treatment facilities 
nor the criteria and the stages involved in water and wastewater treatment process. 
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2.8.1 Water & Wastewater Quality 
There are strong forces of attraction between molecules of water. These attractive forces 
are the major factor determining water‘s distinctive properties of heating and dissolving. 
Water has a high capacity for heating thus has a high boiling point. Liquid water can also 
dissolve a variety of compounds. These unique properties make water susceptible to 
different forms of pollution, thus the need for determining its quality (Miller, 2005). The 
term water quality is generally used: “To describe the microbiological, physical, and 
chemical properties of water that determine the fitness for uses of a specific water source. 
These properties are determined by substances which are either dissolved or suspended 
in the water“ (DWAF, 2000:2001). Substances that can be dissolved in water include 
gases such as oxygen (O2) and carbon dioxide (CO2); inorganic compounds such as 
sodium chloride (NaCl) and calcium sulphate (CaSO4); and organic substances such as 
humic acids and carbohydrates. The suspended substances may remain as very small 
suspended or colloidal particles e.g. micro-organisms (DWAF, 2001). Below are the 
explanations of the physical, chemical and microbiological water quality concerns. 
Whereas some variables/parameters provide a general indication of water pollution, 
others enable the direct tracking of pollution sources (UNEP Gems/Water Programme, 
2008).  
 
Microbiological Water Quality: - Microbiological water quality refers to the presence of 
organisms such as protozoa, bacteria and viruses. Many of these organisms are 
associated with the transmission of infectious water-borne diseases such as 
gastroenteritis and cholera. Faecal (thermotolerant) and Total coliform bacteria are 
commonly used as indicator organisms to determine the microbiological status and safety 
of water supplies (DWAF, 2000). 
 
Physical Water Quality: - Physical water quality refers to water quality properties 
(temperature, EC, pH, colour, odour, DO, and turbidity) that may be determined by 
physical methods. The physical quality mainly affects aesthetic (such as appearance) and 
subjective quality measures (such as taste, odour) of water (DWAF, 2000; Woodiwiss, 
1964)). 
 
Chemical Water Quality: - Chemical water quality refers to the nature and concentration 
of dissolved substances (such as organic or inorganic chemicals including metals). The 
chemical properties of water can be determined by the following groups of dissolved 
substances (DWAF, 2000): 
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 Metallic substances such as arsenic, cadmium, calcium, copper, iron, mercury, 
magnesium, manganese, potassium, sodium and zinc; 
 Inorganic non-metallic substances such as chlorine, fluoride, nitrate, nitrite, 
sulphate; 
 Aggregate organic substances measured as total organic carbon (TOC), chemical 
oxygen demand (COD), biochemical oxygen demand (BOD,) and trihalomethanes 
(THM); and 
 Aggregate inorganic substances such as those measured by total dissolved solids 
(TDS), hardness and chemical stability. 
 
The wide range of chemical, physical, and biological components affect water quality, 
implying that in water quality assessment, there are hundreds of variables/parameters that 
could be examined and measured (UNEP Gems/Water Programme, 2008). Hence, at this 
juncture, it is expedient to state the chemical elements and radicals as well as physical 
and biological parameters to be considered in this study which include:  
 Physico-chemical parameters: temperature, pH, electrical conductivity (EC), 
turbidity, hardness, colour and chemical oxygen demand (COD).  
 Anions: nitrate (NO3), nitrite (NO2), fluoride (F), and phosphate. 
 Cations: iron (Fe), manganese (Mn), cadmium (Cu), and aluminium (Al).  
 Microbiological parameters: Total coliform and Faecal coliform.  
 
These parameters were selected based on the Swaziland surface water, effluent, and 
wastewater quality standards (SG, 1967:1999), which could be used as a measure; 
previous research and reports (discussed in Section 2.5); the accessibility of laboratory 
equipment and consumables in the study area; and by following criteria recommended by 
Goulden (1978), that metals and radicals: Firstly, they are relatively abundant in the 
earths‘ crust. Secondly, they are extracted and used in reasonable amounts. Thirdly some 
may be toxic to human beings, animals, and aquatic life forms. And lastly they have made 
significant perturbations to the environment (Goulden 1978). 
 
2.8.2 Water & Wastewater Quality Analytical Methods 
Water quality is dynamic and therefore varies with time and space, thus the need for 
routine monitoring to detect spatial patterns and changes over time (UNEP Gems/Water 
programme, 2008). The three main ways of assessing water quality are: Physico-
chemical, microbiological, and biological analysis monitoring (Van Damme, 2001). The 
Physico-chemical and microbiological water quality analytical methods are also applicable 
for wastewater analysis (Palinten Test, 2008). 
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2.8.2.1 Physico-chemical & Microbiological Methods of Analysis 
Analyses of water and wastewater parameters using physico-chemical and 
microbiological methods require well equipped laboratories, improved analytical 
techniques/instrumentation, constant replenishing of consumables and adequately 
qualified personnel. All of these could make it an expensive exercise; hence may be 
unaffordable to low-income countries (UNEP Gems/Water programme, 2008; Van 
Damme, 2001). DWAF (2000:2001) state that in general, the most reliable available 
methods must be used for analysis in accordance with prescribed procedures. Where 
necessary, calculations and reporting of analytical results should be done in order to 
provide the results in the correct units and format. This is necessary in order to avoid 
interpreting results using incorrect units, and to avoid incorrect quality assessments and 
wrong decisions about the water quality.  
 
In this study, three general methods of physico-chemical water quality analysis are of 
interest: Manual laboratory analytical methods (or so called ―wet‖ chemical methods of 
analysis); instrumental, and automated chemical and physical methods of analysis. There 
are different microbiological methods of analysis available including methods such as the 
membrane filter technique and the multiple tube fermentation technique which give 
quantitative information on specific groups of organisms. In this study, the membrane filter 
technique is of interest. For further details on both physico-chemical and microbiological 
methods of analysis see DWAF (2001); Wiley (1999); and Standard Methods (1999).  
 
2.8.2.2 Biological Assessment of Water Quality 
A study of the ecology of a river is important as it can help provide a more representative 
picture of its conditions as the animals and plants which make up the river‘s community 
respond to water conditions which have prevailed over a relatively long period of time. 
Thus, the river community can help detect periodic inputs of effluents that chemical 
analysis might miss, and provide assessment of the average water quality over a fairly 
period of time (Woodiwiss, 1964). The biological assessment of water quality is based on 
the principle that the composition and diversity of the species living in surface water 
reflects the quality of that water. This method is mainly based on macro-invertebrate, fish, 
and algal fauna species (Van Damme, 2001; Woodiwiss, 1964; Startory and Watkins, 
1999). Macro-invertebrate species (Appendix 2.4) are usually considered to be the most 
practical to use simply because they can be easily sampled than either algae or fish 
(Woodiwiss, 1964).  
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According to Van Damme, (2001), approximately 13 macro-invertebrate communities can 
be used as indicators of water quality. These include species such as: water snails 
(Mollusca); clams; flatworks (Platyhelminthes); oligochaetes (aquatic rain worms); leeches 
(Hirudinae); mosquito and fly larvae (aquatic larvae of craneflies, midges [Chironomidae], 
gnats, mosquitoes, horse-flies, and hover flies); crustaceans (hog-lice, freshwater 
shrimps, asellus, and crabs), dragonflies and damselflies; water bugs (pond skaters, water 
boat-men, water scorpions); water beetles and beetle larvae (Coleoptera); mayflies 
(Baetis rhodani); stoneflies (Plecoptera); and sedge flies and their differences in sensitivity 
to pollution that the water invertebrates show. As shown in Figure 2. 5, indicator group I: 
are macro-invertebrates highly sensitive to oxygen depletion pollution; indicator group II: 
are macro-invertebrates moderately sensitive to oxygen depletion pollution; and Indicator 
group III: are macro-invertebrates little sensitive to oxygen depletion pollution (Van 
Damme, 2001).  
 
Startory and Watkins (1999) state that factors most likely to affect aquatic life forms are 
BOD, COD, EC, substratum composition, temperature, pH and turbidity. When a river 
is polluted, there is usually a fall in the range/number of the different organisms, a change 
in the type of species present, and a change in the number of individuals of each species. 
This infers that the presence of intolerant organisms indicates clean or unpolluted water, 
and the absence of these and presence of tolerant organisms indicates polluted water 
(Van Damme, 2001; Woodiwiss, 1964). Woodiwiss (1964) provides two overriding 
principles or relationships in biological assessment, which are stated below. Woodiwiss 
states that these relationships between fauna and pollution are found to be especially true 
in cases of organic pollution. In cases of toxic or physical pollution, the relationship 
becomes more complicated but instances of this are relatively uncommon and can be 
individually dealt with as and when they arise. The two principles are that: 
 Pollution tends to restrict the variety of organisms at a point although large 
numbers of pollution-tolerant species may be present. This infer that even where 
there is justification for a biotic index, it does not automatically imply that the 
system can be used exclusively as the problem must be analysed in the fullest 
possible detail before any conclusions are reached, and recommendations are 
made about the problem (Woodiwiss, 1964). 
 In polluted streams, Plecoptera (stone-fly), Ephemeroptera (may-fly), Trichoptera, 
(caddis-fly) Gammarus, Asallus (Crustacea), Bloodsworms (Chironomous Ch. 
Thummi), and Tubificid worms may be regarded as ‗key‘ organisms which tend to 
disappear in the order mentioned as the degree of pollution increases (Woodiwiss, 
1964). 
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***animals of group I present: water quality good to excellent 
***animals of group II and III present: water quality dubious to bad 
***animals of group III present: water quality extremely bad 
Figure 2.5: Macro-invertebrates Indicator Groups to Pollution 
Source: Van Damme, 2001 
 
2.8.3 Water & Wastewater Standards  
The primary objectives of regulatory instruments are to limit public health risk and 
environmental damage (WEDC, 2007). There are two main types of approach for setting 
standards: the ambient standards (water quality objectives); and emission standards 
(uniform effluent approach) (WEDC, 2007). Ambient environmental quality standards are 
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principally used for protecting water quality. They are set based on the possible uses 
related to the water body. Emission standards limit the mean or maximum value of 
allowable concentrations or quantities of pollutants that must be achieved by an individual 
source at the point of discharge into a water body (WEDC, 2007).  
 
In as much as the setting of appropriate standards is important to protect water resources 
from uncontrolled discharges from anthropogenic activities such as industries and 
wastewater treatment plants, the effectiveness of standards is only achievable if the 
subsequent enforcement and regulation are in place and environmental improvements 
can be achieved (WEDC, 2007). Unrealistic and arbitrary standards and non-enforceable 
regulations may create an attitude of indifference towards regulations both among 
polluters and regulatory bodies. Hence, standards should be set based on local situations 
and aimed at achieving estimated benefits and minimizing risks for unknown costs such 
as clean up and compensation. Standards should reflect realistic water quality objectives, 
for instance, it is appropriate that TSS and BOD levels should be lower than for the 
receiving water. Lastly, standards should cater for existing and future uses of water 
courses to which effluents are discharged (WEDC, 2007).  
 
In general, water quality is determined by comparing the biological, physical and chemical 
characteristics of a water sample with water quality guidelines or standards (UNEP 
Gems/Water programme, 2008). Unlike in the Republic of Mozambique where water 
resources management is based on a uniform effluent standard approach (TPTC, 2008), 
in Swaziland, water quality management legislation is largely based on a dual approach, 
which hinges on source directed controls (imposing effluent standards on discharges 
either for all discharges or industry specific standards), and resource directed controls 
(setting water quality objectives in the receiving water body to maintain the water body in 
an acceptable state). Appendixes 2.5, 2.6, 2.7, 2.8 and 2.9 present the Swaziland Water 
Service Corporation potable water standards (SWSC, Undated), Swaziland Water Service 
Corporation wastewater standards (SWSC, Undated), water quality objectives (SG, 1999), 
effluent standards (SG, 1999), and the industrial wastewater effluent requirements (SG, 
1967) respectively. Also in Swaziland, the international rivers need to conform to SADC 
guidelines and those guidelines set in treaties such as the Interim IncoMaputo water 
quality guidelines of 2002 (Appendix 10) (TPTC, 2008). For the country standards 
(Swaziland), it should be noted that:  
 Some standards are obsolete (e.g. the industrial wastewater effluent requirements 
of 1967 (SG, 1967);  
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 2: Literature Review                - 71 - 
 Some standards are not comprehensive (e.g. the industrial wastewater effluent 
requirements (SG, 1967), effluent standards (SG, 1999), and surface water quality 
objectives (SG, 1999);  
 Some standards (as shown in Appendix 2.10) do not complement each other (e.g. 
the surface water quality objectives (SG, 1999) do not compliment the industrial 
wastewater effluent requirements (SG, 1967) and the effluent standards (SG, 
1999), and;   
 Other standards are inconsistent and need to be harmonized and or repealed (e.g. 
the Interim IncoMaputo water quality guidelines (2002) and the Swaziland 
standards (SG, 1967:1999). 
 
2.8.4 Best Practice 
Over the last 20 years, water quality interventions have often evolved from reactive 
responses such as regulatory or end of pipe approaches to proactive approaches mainly 
self monitoring approaches including incentives and deterrents and best practice. Best 
practice means finding and using the best mechanisms and ways of working to achieve 
business objectives. It involves keeping up to date with the ways that successful 
businesses operate in a similar sector and others, and measuring ways of working against 
those used by the market leaders (Aspects International Ltd, 2006). Best practice can be 
achieved through benchmarking and/or through standards. Standards are fixed 
specifications or benchmarks, which are established by independent bodies such as the 
International Standardisation Organization (ISO), and the British Standards Institution 
(BSI). ISO and BSI each develop both technical and management standards (Aspects 
International Ltd, 2006). Technical standards are precise specifications against which a 
business can measure the quality of its product, service or processes (Aspects 
International Ltd, 2006). Management standards are models for achieving best business 
and organisational practice (Aspects International Ltd, 2006).  
 
Applying the appropriate standards to a business will enable the business to apply best 
practice across the organisation, and to work against objective criteria to achieve 
manufacturing or service quality. There has been increasing use of best practice 
approaches such as Cleaner Production, Best Possible Environmental Options (BPEO), 
Best Available Technique not Entailing Excessive Cost (BATNEEC), Environmental 
Management Systems, and Polluter Pays Principle. These approaches are intended to 
stimulate improved technology and practices, rather than to set inflexible standards. The 
international competitiveness of companies in the global market is enhanced by a 
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commitment to best environmental practices, which reduce pollution and improve the 
efficiency of water use (Aspects International Ltd, 2006).  
 
The OECD reports evidence of changing production processes through investments in 
clean production technologies for industries at both national and international levels 
(Björklund et al. 2009). At country levels, a growing number of companies are introducing 
clean production processes which include pollution reduction, substantial water and 
energy savings. These efforts are some of the appropriate environmental management 
practices recommended and supported by various UN programmes (United Nations 
Environment Programme, United Nations Industrial Development Organization) through a 
network of cleaner production centres in 27 countries (Björklund et al. 2009). At 
international level, there has been a steady growth in companies seeking certification 
through ISO 14001, the international standard for environmental management 
administered by the ISO. By the end of 2002 about 50,000 companies in 118 countries 
had received ISO 14001 certification with Japan and China topping the number of certified 
companies‘ lists (Björklund et al. 2009). However, intermittent accidents involving large 
multinationals from the OECD countries and the weak environmental performance of 
enterprises from emerging market economies underscore the need for continued vigilance 
and best possible environmental practices (Björklund et al. 2009).  
 
According to the researcher‘s knowledge, multinational firms/industries at Matsapha apply 
environmental management systems (the most popular being ISO 14001:2004 for 
environmental management; ISO 9001:2008 for quality control; HACCP for food quality 
control; OHSAS 18001:2007 for occupational health and safety management; and AMS 
16001:2005 for the management of HIV and AIDS) to increase environmental 
performance, adhere to corporate governance principles, and best environmental practice. 
By so doing, they contribute to the globalization of better corporate practices. Also, there 
are enormous financial benefits that are cultivated by attaining these standards in the 
global context (Dlamini, 2009). ISO 14001 is just one standard in the ISO 14000 series. 
ISO 14000 covers standards on: environmental management systems, environmental 
auditing, environmental performance evaluation (EPE), environmental labels and 
declarations, life cycle assessment and other environmentally related topics (Aspects 
International Ltd, 2006). Environmental management systems (EMS) defined in Box 2.1 
is: “The part of an organization‟s management system used to develop and implement its 
environmental policy and manage its environmental aspects” (Aspects International Ltd, 
2006). As stated earlier, use of ISO 14001 is common in environmental management. ISO 
14001 is the EMS specification with guidance for use. The design of an EMS is an 
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ongoing, interactive process that consists of defining, documenting and continually 
improving on required capabilities (Aspects International Ltd, 2006). 
 
 
 
 
 
 
 
In Europe, companies may seek to have their environmental management system 
certified according to either EMS (ISO 14001) or EMAS (Eco-management and Audit 
Scheme). EMAS is defined as: “A community based scheme allowing voluntary 
participation by companies performing industrial activities established for evaluation and 
improvement of the environmental performance of industrial activities and the provision of 
relevant information to the public” (Bjarno, 2000). EMAS is a regulation from the EU which 
incorporates the elements of ISO 14001 but goes beyond it with regard to public 
disclosure of information, while EMS is a series of standards intended as foundations for 
both sound environmental performance and participation in environmental auditing 
schemes. EMAS is EU centred but EMS is applicable worldwide (Bjarno, 2000; Aspects 
International Ltd, 2005). Figure 2.6 show the structure of both EMS and EMAS.  
 
Both EMS and EMAS require an initial environmental review, and centre on a series of 
criteria governing how a company manages its environmental impacts and performance. 
However, there are differences. EMS (ISO 14001) only contains a requirement for an 
environmental management system whereas EMAS, apart from this requirement, has 
other two additional requirements which are the production of a firms‘ environmental 
statement; and independent verification of a firm‘s EMS and environmental statement. 
Like ISO 14001, EMAS is a voluntary scheme and not mandatory. Also, both ISO 14001 
and EMAS are on-going processes, meaning they are subjected to continuous 
revision/assessment and improvement (Bjarno, 2000; Aspects International Ltd, 2005). 
 
Box 2.1: Definition of Environmental Management Systems 
 A management system is a set of inter-related elements used to establish policy and objectives 
and to achieve those objectives.  
 A management system includes organizational structure, planning companies, responsibilities, 
practices, procedures, processes and resources. 
Source: ISO 14001, 2004 
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Figure 2.6: A Combination of ISO 14001 & EMAS 
Source: Aspects International Ltd, 2006 
 
2.9 Water Policy, Legal & Institutional Frameworks & 
Institutional Responsibilities 
 
2.9.1 International Perspective 
The World Commission on Environment and Development (Brundtland Commission) 
warned in the report: ―Our Common Future‖ (WCED, 1987), that water was being polluted 
and water supplies were overused in many parts of the world. Our Common Future 
(WCED, 1987) pushed in the global agenda for change in water use and water 
management under the theme of ―Sustainable Development‖ which has been marked by 
various international conferences at a global scale (Appendix 2.11). Our Common Future 
(WCED, 1987) defines sustainable development as: “development that meets the needs 
of current generations without compromising the ability of future generations to meet their 
own needs” (WCED, 1987). Further, the Brundtland Report expounded on the definition 
as:  “a process of change in which the exploitation of resources, the direction of 
investments, the orientation of technological development, and institutional change are all 
in harmony and enhance both current and future potential to meet human needs and 
aspirations” (WCED, 1987). The definition of sustainable development used in Our 
Common Future (WCED, 1987) is still applicable although interpretations of the definitions 
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may vary. This section will apply the defitition to Matsapha. Current thinking is that 
sustainable development needs to be considered under social, economic, and 
environmental  factors which serves as the framework for meeting the sustainability 
challenge as well as measuring progress  towards the attainment of sustainable 
development (WCED, 1987; Elkington, 1997; Chaharbaghi and Willis, 1999; Hendstorm 
and Isenberg, 2002; Courtney, 1999; Charter and Tischner, 2001; CIRIA, 2001; Isiandiso, 
2008). Thus, sustainable development requires the need for unifying actions by politicians, 
governments, businesses, and people aimed towards remediation of destructive and 
wasteful effects of over consumption, irrational use of resources and pollution by all 
stakeholders.  
 
Despite the milestone on international policies and guiding principles (Appendix 2.11) 
aimed towards effective management of water resources, reversing trends of over-
consumption, and pollution at local, national, and international levels, water pollution is on 
the rise globally, despite some improvements in some countries due to economic 
development in many countries driven by urbanization, industries and mechanised 
agriculture systems (UNEP Gems/Water Programme, 2009). This implies that effective 
policies and legal frameworks could help to develop, carry out and enforce the rules and 
regulations that govern water use and protection of surface water resources. However, 
this can only happen when policies, legislation and strategies of water resources 
management would serve as good link between water, and the political, social and 
economic sectors as have been exemplified in many countries (UNEP Gems/Water 
Programme, 2009).  
 
In order to control pollution, therefore, there is the need for a functional political, 
institutional and legal capacity to address it. This implies that substantial progress should 
be made in regulation and enforcement in order to abate pollution by all stakeholders. 
This is more so in the developing countries where many industries, some of them known 
to be heavily polluting (such as leather and chemicals), are moving from the high-income 
countries to emerging market economies, where they benefit from lower-cost workforce, 
less stringent environmental regulations and various other incentives (Björklund et al. 
2009). This situation is not any different from Swaziland where, as mentioned in Chapter 1 
(Section 1.3), the Matsapha industrial estate is augmented for investment from Asia with 
the view for socio-economic development (Times of Swaziland, 2010). 
 
There are specific regulations on pollution control and water rights and allocation at global 
levels. For instance in the European Union, member states have to comply with European 
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Commission Directives focused on water issues, including the EU Water Framework 
Directive (2000) and the EU Urban Waste Treatment Directive (1991), and deadlines for 
implementation (Björklund et al. 2009; UNEP Gems/Water Programme, 2007). However, 
few countries are yet in full conformity with these directives, and less than 50% of the 
urban waste load is treated (Björklund et al. 2009; UNEP Gems/Water Programme, 2007). 
Besides legislation, IWRM approaches to regulate over-exploitation of resources have 
been effective in preventing and/or reversing the degradation of water resources in many 
countries (UNEP Gems/Water Programme, 2007). Examples of effective water quality 
monitoring systems, within IWRM, are found in countries as diverse as South Africa, 
Mexico and Japan. South Africa has recognized the need to tailor long-term water 
resource monitoring programmes to address issues such as salinisation, eutrophication, 
threats to biodiversity, and microbial contamination, in addition to extensive national 
hydrological monitoring programmes (UNEP Gems /Water Programme, 2007).  
 
Although many challenges remain to protect aquatic ecosystem health properly, there is 
evidence that success can be achieved given sufficient planning, political and institutional 
will, and financial and technical resources (UNEP Gems/Water Programme, 2007). Box 2. 
2 highlight three top priorities for governments to address in their water quality resource 
management strategies (UNEP Gems/Water Programme, 2007). 
 
 
 
 
 
  
 
Also, UNEP Gems/Water Programme (2007) state that the success of local, regional, and 
global efforts to curb rates of water quality degradation can only be measured if sufficient 
data are available to track trends over time and space. New approaches and techniques 
need to be developed and applied to address emerging issues and to provide decision-
makers with relevant and accurate assessment data and information. So, further to the 
actions required from governments listed in Box 2.2, UNEP Gems/Water Programme 
(2007) identifies eight priorities essential to meet future needs for water quality monitoring 
and assessment, listed in Box 2.3. On this note, the next section discusses the policies, 
legislation and institutional situation of the study area (Matsapha, Swaziland) with the view 
to assess and address them more effectively. 
  
Box 2. 2: Priorities for Governments in Water Quality Management 
 Invest in technology for improved risk assessment, monitoring, information and communication; 
 Improve cooperative water basin management to increase development opportunities and reduce 
potential for conflict; and 
 Create joint environmental management and scientific assessments, because they are opportunities 
for building trust and cooperation. 
Source: (UNEP Gems/Water Programme, 2007) 
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2.9.2 Swaziland Perspective 
FAO-AQUASTAT (2005), mention that Swaziland does not have a clear policy on water 
use and management. This is because the overall management of water resources is on 
an ad hoc basis through several uncoordinated pieces of policies, and legislation spread 
among a number of ministries (as well as institutions outside government), all aimed at 
solving specific issues without reflection on harmonization. Regardless of this 
shortcoming, numerous policies and legislation are still relevant and critical to water use, 
management and conservation in Swaziland. A summary of the legal framework, policy, 
strategies and plans within which water and wastewater resources should be managed in 
Swaziland is shown in Appendix 2.12. Following is a discussion on water policy, 
legislation, and institutional frameworks in Swaziland; institutions and their responsibilities. 
 
2.9.2.1 Water Policy Framework 
The Joint Maputo River Basin Water Resources Study (TPTC, 2008) lists numerous 
policies relevant to water resources and management in Swaziland. The researcher will 
consider the national water policy (SG, 2009), and the national environment policy (SG, 
2000), as they are considered to be critical and key policies to this study. The policies are 
supported by various strategies including the national development strategy (SG, 1999); 
and the Swaziland environment action plan (SG, 1997) stated in Appendix 2.12.  
 
The national water policy forms a good basis for sustainable and integrated water 
resources development and management processes (TPTC, 2008). The policy states that 
water and environmental management institutions shall facilitate the enactment and 
enforcement of laws and regulations to minimise point and non-point water pollution 
through continually monitoring ground and surface water to determine water quality 
trends, strengthening and enforcing effluent control laws and regulations, and apply the 
―polluter pays principle‖, ―precautionary principle‖, and clean technology as a measure of 
Box 2. 3: Eight Priorities for Meeting Future Water Quality Monitoring Needs 
1. Understanding the relationships between water quality conditions and the natural landscape, 
hydrologic processes, and the human activities that take place within watersheds; 
2. Assessing water quality in a ―total resource‖ context; 
3. Evaluating water quality in concert with water quantity; 
4. Evaluating water quality in concert with biological systems; 
5. Monitoring over long time scales; 
6. Moving from monitoring to prediction - applying our understanding of the hydrologic system and water 
quality conditions to unmonitored yet comparable areas; 
7. Investing resources to gather ancillary information on landscape and human factors controlling 
(influencing) water quality; and 
8. Advancing monitoring technology, such as measuring water quality in real time. 
Source: (UNEP Gems/Water Programme, 2007) 
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placing responsibility for mitigating pollution. By prioritising social and environmental 
needs, the policy recognises the enormous positive impact water can have on health, the 
economy and the environment. In order to inculcate a sense of responsibility and 
ownership, the policy requires the participation of beneficiaries in all stages of the water 
supply development. Issues of informed decision making, fairness, and equity are also 
dealt with through the participatory process/approach. The policy recognises that water 
has a social, economic, cultural and environmental value, and encourages water 
conservation through the full cost recovery of water supply investments. Also, the policy 
incorporates the principles of IWRM requiring a holistic approach to water resource 
development, allocation, and use. The gaps in the policy are that it does not emphasise 
efficient use and proper management of the water resource (TPTC, 2008).   
 
The national environment policy builds on the analysis and recommendations of the 
Swaziland environment action plan (SEAP) (SG, 1997). The policy recognises that 
environmental issues are cross-cutting, and therefore cannot be adequately understood or 
explained without reference to the interactions of several dimensions that are usually 
treated separately for policy purposes. For example, in some environmental problems 
economic, social, cultural and political dimensions interact with one another to define the 
ways and means through which society interacts with nature, and the consequences of 
these interactions for both (UNEP, 2007). Hence, the national environment policy plays a 
key role in integrating a range of policies into a comprehensive national policy framework 
designed to achieve equity led growth and sustainable development (SD) in Swaziland. 
The goal of the policy is to promote the enhancement, protection and conservation of the 
environment for the attainment of sustainable development in Swaziland (TPTC, 2008). 
However, sustainable development is not easy to achieve, it demands changes in 
lifestyles and culture towards minimizing destructive and wasteful effects of over 
consumption, irrational use of resources, and pollution by all stakeholders.   
 
Therefore, for the purpose of this research, sustainable management of the Lusushwana  
River is perceived by the researcher as implying:  “the consideration of the inter and intra 
generational equitable use of the Lusushwana River through definite utilisation of the roles 
of political, technological, social, economic, and environmental factors to minimise 
pollution of the Lusushwana River”. This implies that development  activities carried out 
now at Matsapha to meet the current needs of economic development should not deplete 
the Lusushwana River to limit the capacity of future generations to meet their needs, 
through cross cutting strategies in the social, economic and environmental context. 
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2.9.2.2 Water Legislation Framework 
Swaziland has made strides in specific legislation and regulations on pollution control and 
water rights and allocation (Appendix 2.12). However, the literature reveals that this 
legislation on water and wastewater resources management is flawed, unclear, adhoc, 
fragmented, uncoordinated, and fundamentally not conducive for effective water and 
wastewater management (FAO-AQUASTAT, 2005; IUCN, 2002; Manyatsi, 2002; 
Mwendera et al. 2002; TPTC, 2008; SG, 1997). The numerous pieces of legislation show 
that the legal environment in Swaziland suffers from a backlog of un-maintained, un-
enforced, and obsolete legislation. Further, legislation is insufficient as there are several 
deficiencies (SG, 1997; SG, 2005). Though challenging, these problems in the legislation 
and the policies need to be addressed in order that they become effective. 
 
As discussed above, it is evident that substantial sets of environmental legislation exist in 
Swaziland, and there has been progression in terms of new legislation that aligns 
international policies and best practice and more especially in environmental impact 
assessment and international cooperation (TPTC, 2008). However, there is evidence of 
shortcoming with regard to enforcement and compliance with environmental legislation, 
which can be attributed to a combination of factors outlined below:  
 The SADC region (Swaziland also affected) faces severe water resources 
management challenges driven by scarce and unevenly distributed water 
resources which constrain the implementation and regulation of water use, 
allocation, and pollution control legislation (TPTC, 2008);  
 Lack of funds for establishment of hard infrastructure for wastewater treatment and 
water projects (TPTC, 2008);  
 Lack of funds for establishment of national water policies and legislation, which are 
only now being developed and updated to incorporate aspects of IWRM, and 
establishment of River Basin Authorities (RBAs) (TPTC, 2008);  
 Delays in formulation of supporting regulations and standards, adoption, 
implementation and repeal of essential international agreements (Mwendera et al. 
2002; MNRE, 2002); 
 Disparity in the levels of development of policy, legislation, strategies, regulations, 
and standards across the various institutions responsible for water use, 
management and conservation in Swaziland (TPTC, 2008);  
 lnadequate water management institutions, and inadequate capacity to monitor 
and enforce legislation (TPTC, 2008); 
 Lack of resources and staff shortages within the environmental monitoring 
authorities impairs critical informed decision-making and regulation (TPTC, 2008); 
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 Weak application and enforcement of legislation due to low level of awareness to 
all concerned stakeholders, including the judiciary and government officials who 
should play a leading role in environmental monitoring, application and 
enforcement of the legislation (SG, 2005); 
 Ineffectiveness of the legislation because the legislation is inaccessible to 
stakeholders as there is no complete collection of laws relating to the environment 
(SG, 2005); 
 lnadequate water monitoring equipment to detect pollution promptly and capacity 
to accurately predict extreme weather phenomena such as droughts and floods 
(TPTC, 2008); 
 Environmental impact assessment processes generally focus strongly on a single 
phase in the development planning life cycle, being the feasibility stage. The 
consideration of environmental issues in earlier phases is lacking, and similarly 
commitment to implementation of the environmental impact assessment 
recommendations in later phases, especially with regard to monitoring and audit 
implementation of prescribed mitigation appears inadequate (TPTC, 2008); and 
 The public at large, and to some extent technical professionals as well, are 
generally not well enough informed about environmental issues (TPTC, 2008; SG, 
2005). 
 
Since policies and legislation alone are insufficient to bring about effective water 
resources management unless it is supported by regulations and standards, adequate 
funding for infrastructure and appropriate institutional and human capacity of the sector, 
the next section is devoted to addressing the institutional framework that supports and 
oversee the water and wastewater policies and legislation in Swaziland. 
 
2.9.2.3 Institutional Framework 
In spite of the fact that most countries have introduced legislation to protect their water 
resources, many of these countries have failed to implement the legislation in full 
(Björklund et al. 2009). This is because, according to Björklund et al. (2009) and Wright et 
al. (2001), the responsibilities for the implementation of the legislation are dispersed 
across multiple institutions and the costs of control and monitoring are high. This problem 
cited by Björklund et al. (2009) and Wright et al. (2001) also affects Swaziland‘s‘ 
institutional framework. In Swaziland, the water sector management framework is 
fragmented into several agencies under different ministries, as well as institutions outside 
Government, having different and overlapping responsibilities (Mwendera et al. 2002). 
This lack of harmony in the institutional arrangement tends to result into the absence of an 
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effective monitoring and legislation enforcement body leaving polluting companies 
unchallenged over environmental issues (Mushala, 2000). Also the lack of harmony in the 
institutional arrangement tends to delay policy formulation, adoption, implementation and 
repeal of essential international agreements. It results in inefficient use of scarce 
resources, confusion, duplication, and inadequate financial resources to help implement 
or operationalize policies that have been formulated and adopted (Mwendera et al. 2002; 
MNRE, 2002; Wright et al. 2001).  
 
The water resources management administrative framework in Swaziland includes the 
Ministry of Natural Resources and Energy, Ministry of Housing and Urban Development, 
Ministry of Health, Ministry of Agriculture, and some parastatals (Mwendera et al. 2002). 
This institutional and administrative structure in Swaziland is not favourable for effective 
water resources management as there is no government ministry or institution that is 
solely responsible for water quality monitoring programmes. Despite efforts made to 
coordinate water resources management activities in Swaziland, the structures and tools 
necessary for developing, implementing and managing water resources programmes 
remain scattered across the various ministries and organizations. Also, the structure is 
based on a top-down approach, hence there is little or no contact between technocrats 
and the grass root levels they are serving (TPTC, 2008). 
 
Figure 2.7 gives the existing structure of the government ministries, departments and 
parastatals that promulgate, administer and enforce environmental law relating to water 
resource management in Swaziland (Mwendera et al. 2002). The organizational structure 
has inter-ministerial linkages of communication. However, there are gaps in these 
linkages mainly due to poor coordination of activities, resulting in inefficient programmes, 
duplication of efforts, and conflicts in the ways the departments implement their activities 
(TPTC, 2008). TPTC (2008) observes that the linkages within the organisational structure 
can be effective in enhancing water resources management, only if they are well 
coordinated at all levels. SG (2005), observe that the water quality monitoring and other 
enforcement programmes in place at the various ministries and organizations are weak 
and ineffective in minimizing the pollution of water resources due to inadequate 
institutional capacity and capabilities, lack of access to legislation, lack of awareness and 
multi-sectoral collaboration.  
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Figure 2.7: The Water Sector Administrative Framework in Swaziland  
Source: Mwendera et al. 2002 
 
The future of water quality at global, regional, and local scales depends on investments 
from all levels of society (individuals, communities, and governments at all political levels) 
to ensure that water resources are protected and managed in a sustainable manner. This 
includes not only technological, engineering and best management solutions to water 
quality problems, but pro-active changes in management and human behaviour through 
active involvement, education, capacity building, networking, collaboration and 
cooperation to better preserve aquatic environments (UNEP Gems/Water Programme, 
2008). Similarly at Matsapha, the preservation of the Lusushwana River requires the 
collaboration of various institutions, businesses, local stakeholders and civil society in 
order to achieve a pollution free aquatic environment (Refer to Mwendera et al. 2002 and 
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TPTC for a comprehensive list). Below is a review of the paramount institutions, and their 
mandates necessary to achieve this goal. 
 
Matsapha Town Board: - Since its establishment as Swaziland‘s major industrial area in 
1968, the Matsapha industrial estate was managed directly by the Swaziland Government 
through the Ministry of Enterprise and Employment (Dlamini, 2005; Building Design 
Group, 2007). In 2004, Matsapha was declared a Local Government Authority  under the 
Ministry of Housing and Urban Development. The Urban Government Act № 8 of 1969 
(SG, 1969) mandates statutory operations and responsibilities of the Matsapha Town 
Board; and various legislation in other institutions guide environmental management at 
Matsapha and in Swaziland in general (Seasons Africa, 2007; Mazingira, 2009). The 
municipality has statutory duties on town planning, housing, roads, water and sanitation, 
refuse collection and disposal, environmental protection, parks and open spaces, 
cemeteries and crematoria and slaughterhouses. The Department of Environment has the 
responsibility of monitoring and enforcement of environmental legislation and the extent to 
which the Matsapha Town Board implements them. Effective environmental monitoring is 
influenced, among other things, by the availability of human capital to devise relevant 
policies, standards and regulations according to existing environmental legislation and the 
ability to implement and monitor enforcement. A SWOT (strengths, weaknesses, 
opportunities and threats) analysis of the Matsapha industrial estate prepared by Building 
Design Group (2007) picture that environmental pollution and degradation, and 
uncontrolled peri-urban informal settlement pose a threat to the town‘s development and 
environmental sustainability.  
 
At Matsapha, there is an increase in the number of industrial establishments, which 
increases the risk of anthropogenic water pollution. According to the researcher‘s 
knowledge, there is no environmental legislation, regulations and standards on how to 
control water pollution and manage wastewater at the local level. This is a big challenge 
for the Matsapha Town Board. The Department of Environment is at its infancy as it was 
established in 2006. According to the researcher‘s knowledge, the Department is still 
inadequately staffed; lack funding for establishing monitoring programmes; lack policies, 
regulations and standards for water and wastewater management. As such, the Matsapha 
Town Board still need to fully commit to the preservation of the Lusushwana River by 
tailoring long-term routine water and wastewater monitoring programmes, focus efforts to 
target specific source and non-point sources of pollution, and on raising public awareness, 
education and collaboration with relevant stakeholders.  
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Ministry of Natural Resources & Energy-Department of Water Affairs: - The 
Ministry's role is to ensure the optimal development, use and management of the 
country's natural resources (water, minerals, energy, land) in a sustainable manner, with 
minimal damage to the environment. The Department of Water Affairs is the 
implementation body of the National Water Authority, which is a supreme body 
responsible for water resources development and management in Swaziland. The 
Department of Water Affairs is responsible for stream flow observation, planning of water 
resources and control of pollution (TPTC, 2008). The department aims: ―To control water 
pollution in Swaziland‘s river systems so as to ensure safe drinking water and to allow that 
the available water remains usable to other water sectors such as industry, agriculture 
and the environment‖ (MNRE, 2007). Within the Department, water quality management is 
manifested through the Water Act of 2003 (SG, 2003). The Water Act of 2003 makes 
provision for the development and management of water resources in Swaziland. The Act 
seeks to consolidate the administration of water under one ministry. It also create basin 
level structures (River Basin Authorities, Irrigation Districts and Water User Associations) 
with significant powers to manage the water resource. Section 62 of the Water Act 2003 
relates to individuals and companies disposing effluent into the rivers and streams and 
states that they must have effluent control permits. The Department issues out water 
abstraction permits to all undertakings that abstract water from the rivers other than for 
primary purposes. The Department also issues out effluent discharge permits for 
undertakings that discharge their treated effluent into the rivers (MNRE, 2007). Section 90 
of the act introduces the polluter pays principle. Section 33 of the act provides for the 
establishment of River Basin Authorities. Treaties including the INCOMAPUTO 
Agreement, 2002, state the obligation by member states not to cause significant harm to 
riparian states (in line with UN Convention and SADC Protocol). The agreement requires 
that the Transboundary Rivers must be sampled and analyzed for water quality when 
entering and exiting the country, IWRM strategies must be put in place, and that best 
practice and international agreements e.g. Agenda 21 must be observed (Mthimkhulu, 
2009). A number of parameters are tested for in river quality including: - EC, COD, DO, 
pH, hardness, turbidity, TDS, TSS, temperature, alkalinity, and phosphate. Parameters 
not mentioned (e.g. microbial, and heavy metals) are not monitored by the Department 
making its water monitoring programme to be weak and none comprehensive (TPTC, 
2008; Dlamini Personal, Communication). The water and wastewater sampling 
programme is inefficient; and there is lack of collaboration efforts to minimize pollution in 
that results are not shared with other relevant stakeholders. On average, sampling is once 
a month, with the exception of sites having ongoing serious pollution problems. Such 
areas require frequent and close monitoring hence sampling frequency is increased 
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(MNRE, 2007). The Records for water quality are kept electronically and hard copies in 
the Department of Water Affairs laboratory (Mthimkhulu, 2009).  
 
Swaziland Water Services Corporation (SWSC): - The Corporation is a body corporate 
(parastatal) duly established under the Water Services Corporation Act, No. 12 of 1992 
(SWSC, 1992). The Corporation is a parastatal  under the Ministry of Natural Resources 
and Energy. The Corporation is responsible for the supply of potable water to residential 
and commercial undertakings within the urban and peri-urban areas in Swaziland. The 
Corporation is also responsible for wastewater collection from these undertakings and 
treating it before disposal to the rivers. The parastatal sets tariffs for potable water and 
wastewater services; and monitors water connections and discharges into the sewer line. 
The Corporation charges individual tariffs on final effluent if the COD exceeds the set 
maximum limit of 500 mg O2/l. The tariff system was established to encourage individual 
industries to set up their own wastewater pre-treatment plants but, given the low tariffs 
and lack of environmental policy, monitoring and enforcement, some industries prefer 
paying the tariffs (Fakudze, Personal Communication; Dlamini, Personal Communication). 
In addition, the Corporation set its own standards for potable water, and wastewater 
(Appendix 2.5 and 2.6), monitors potable water quality and wastewater treatment plants, 
but being an interested party, its impartiality cannot be ascertained (Mushala, 2000). The 
parastatal does not have a wastewater discharge permit and believe that the Water 
Services Corporation Act, 1992 (SWSC, 1992) gives them the mandate to collect and 
treat wastewaters and the right/power to discharge the final effluent into water bodies 
(Fakudze, Personal Communication; Dlamini, Personal Communication). 
 
Swaziland Environmental Authority (SEA): - The Swaziland Environmental 
Authority, an autonomus organization established by the Swaziland Environmental 
Authority Act (SG, 1992) has powers to establish standards and guidelines to prevent the 
pollution of the air, water and land, and to establish guidelines for the preparation of 
environmental impact assessments, audits, and evaluations under various legislation 
including the Environmental Management Act of 2002 (SG, 2002), Environmental Audit 
Assessment and Review Regulations, 2000 (SG, 2000). The Environmental Management 
Act of 2002 (SG, 2002), recognises the need for sustainable development, integrated 
planning and coordination, and the need for cooperation with international matters, 
domestic, and international organizations in order to protect the national, regional and 
global environment. Further, the act empowers the SEA to apply the ―Polluter-Pays-
Principle‖, and stipulate fines that can be imposed by the Swazi Courts of Law with regard 
to this effect (FEC, 2007).  
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The Environmental Management Act is considered to be modern, quite progressive, very 
comprehensive, and provides adequately for linking international and domestic activities 
and concerns (TPTC, 2008). As such, it would take considerable resources and effort to 
establish all the institutions provided for, and to build the domestic capacity required to 
give effect to the objectives contained in this legislation. The extent to which this process 
is underway is unclear (TPTC, 2008). Also, some of the international agreements still 
need to be ratified and incorporated into domestic laws. Yet another drawback is that the 
SEA is seriously short staffed, and as such incapacitated to monitor and enforce 
legislation effectively (TPTC, 2008; Dlamini, Personal Communication). 
 
2.10 Water & Wastewater Quality Management Frameworks & 
Implementation Instruments  
After explaining the roles and responsibilities of the government, the parastatals and the 
civil societies, the next sub-sections deals with the way the water resources quality are 
managed and the implementation instruments that are applied in the management 
process. 
 
2.10.1 Water Quality Management Framework 
The Joint Maputo River Basin Water Resources Study (TPTC, 2008) believes that in 
Swaziland, pollution of surface water in general results from both point and non-point 
sources within the river basins. The point and non-point sources of pollution also act as 
pathways for the pollution into the water courses. This follows the familiar Source, 
Pathway, and Receptor Model (Holdgate, 1979). Pegram and Gorgens (2001) state that 
pollution pathways need intercepting and containing in order to manage water quality 
issues sustainably. At the same time, pollution pathways are also useful for grouping 
different management interventions. Hence, there is need for an appropriate management 
framework/model that can address the water pollution problems adequately. A water 
quality management framework developed by van Veelen (2002), depicts an action 
framework for water quality management given current situation and the desired state 
(Figure 2.8). This water quality management framework takes into account the various 
water quality conditions, each of which could lead to a very specific management action 
meant to intervene in the pollution pathway (van Veelen, 2002; PTTC, 2008). In essence, 
the water quality manager has to make a decision about what actions are required and 
how urgently these actions should be implemented. 
 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 2: Literature Review                - 87 - 
 
Figure 2.8: Water Quality Management Framework/Model 
Source: Adapted from van Veelen, 2002  
 
2.10.2 Wastewater Quality Management Framework 
Much of the pollution to rivers and most surface water resources comes from wastewater 
discharges from domestic and industrial sources (WEDC, 2007). Therefore there is the 
need to effectively monitor these wastewater discharges into the environment. This can be 
done through the selection of appropriate processes that meet appropriate standards that 
satisfy the required discharge contents. By so doing, river pollution can be controlled; and 
surface water as a valuable resource maintained to meet and sustain domestic and 
industrial demands (WEDC, 2007).  
 
A process selection model to help achieve sustainable wastewater management was 
developed by Parr and Horan (1994). The concept of process selection for sustainable 
wastewater management involves identification of sources of pollution and the groups of 
people or local areas at risk from the pollution. This process assists with establishing the 
type and quantity of pollution to be controlled. In turn, constraints can be identified and 
modified. Sustainable wastewater management requires characterization of the 
wastewater; establishing data about the nature of the wastewater in terms of quantity, 
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composition, and variability of flows (WEDC, 2007). The model for process selection for 
sustainable wastewater management is schematically represented in Figure 2.9. Firstly; 
the model shows the needs to identify the communities and environments that are at risk 
from the pollution, and the nature of pollution sources. Secondly, the model shows the 
importance of setting appropriate discharge standards and choosing suitable treatment 
processes. However, effluent standards must be realistic both technically and using 
available resources.  
 
 
Figure 2.9: Process Selection Model for Sustainable Wastewater Management 
Source: Parr and Horan, 1994 
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In order to be successful, the concept of process selection for sustainable wastewater 
management should take into account social, technical, environmental, financial and 
institutional (STEFI) factors. Thus, Figure 2.10 illustrates the links between effluent 
standards and treatment process options, and identifies core areas which influence the 
selection of appropriate wastewater treatment processes.  
 
 
Figure 2.10: Factors to Consider & Decision-making for Sustainable Wastewater 
Management 
Source: Parr and Horan, 1994  
 
Table 2.14 summarises the social, technical, environmental, financial and institutional 
factors necessary to execute the model for process selection for sustainable wastewater 
management successfully. It is vital that these factors and their relevance be carefully 
considered when making decisions for sustainable wastewater management. 
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Table 2.12: Factors & Relevance while Decision Making in Process Selection for 
Sustainable Wastewater Management  
FACTORS TO CONSIDER RELEVANCE 
Economy 
Structure; output by group; industrial component 
employment; foreign exchange earnings (exports). 
Reliance on sectors of the economy: may limit or 
favour treatment options. 
Size; future prospects; balance of payments; trade 
relations; isolation and vulnerability; foreign exchange 
and capital availability; distribution of incomes. 
Ability to cope with, and respond to change: to pay 
and sustain. 
Institutional Capacity 
Existing roles and responsibilities for organizations and 
management; relationship between departments; levels 
of staffing. 
Ability and willingness to expand and cope with 
changes may preclude or favour certain treatment 
options; requirements for staffing, training etc. 
Existing infrastructure: performance and operation and 
maintenance (O&M) of existing sewage treatment works 
(STWs); water losses; responsibilities. 
Ability to expand and cope with change; O & M 
duties; water management issues; may preclude 
or favour certain treatment options. 
Legislation policing, and regulation responsibilities and 
capabilities. 
Ability to cope with change. 
Politics; bribery and corruption. Fundamental effect on all processes. 
Finance 
sources, availability, relations with donors, aid agencies, 
etc.; use of private sector, willingness to pay. 
Basic consideration: it is affordable, who pays and 
how? Consideration should be given to phasing of 
projects. 
Technical Factors 
Education levels, skills; structure of workforce; training. Ability to cope with sewage technologies. 
Availability of material/spare parts; availability of local 
knowledge and expertise. 
 
May preclude or favour certain treatment options. 
Wastewater characteristics: composition, flow variations, 
sources of any industrial wastewater flow components. 
May preclude or favour certain treatment options; 
nutrient imbalance, chock loadings, toxicity 
problems must be addressed. 
Present water supply and sanitation facilities; proposed 
future investments. 
Ability to cope with new facilities. 
 
Problems of sludge disposal. Often underestimated. 
Design life assumed for sanitation facilities. Discounting a project to net present value over 
design life has a large effect on what type of 
project is viable. 
Discharge standards and controls. Evolved to protect health or ecology must be met 
by dischargers. 
Environmental Factors 
Climate; land availability and use patterns; geology; soil 
conditions. 
preclude or favour certain treatment options 
(including sludge disposal). 
Hydrology (rainfall, river flows); groundwater 
characteristics; sea currents (if applicable). 
Dilution and/or assimilation capabilities. 
Water use: for domestic, agricultural (irrigation) 
purposes; future trends. 
Water demand and management; wastewater re-
use and recycling possibilities 
Water resources availability, reliability, quantity, quality, 
future prospects. 
As above 
 
Special factors e.g. presence of sensitive areas (coral 
reefs, mangroves, rain forests etc.), wildlife habitats, and 
areas at risk of eutrophication. 
May need special protection; related in effluent 
standards. 
 
Impacts of any plant: noise, smell, insects, rodents, 
health considerations and visual impacts. 
Must be considered before selection. 
 
Social Factors 
Health characteristics; important faecal-related diseases; 
health services available. 
May necessitate certain types of treatment (to 
protect health). 
Demography: population distribution (age and location, 
growth rates); migration; urbanization. 
Present and future demands and needs. 
 
Cultural and religious aspects, including sanitation 
aspects. 
May preclude or favour certain treatment options. 
 
Housing facilities, type, and distribution. As above 
Public desires and preferences; aesthetic 
considerations, pressure groups; welfare and equity 
considerations; willingness to pay for wastewater 
treatment improvements. 
As above 
 
Attitudes to the use of land. As above 
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FACTORS TO CONSIDER RELEVANCE 
Water demand and use; tariffs; methods and ability for 
payment; willingness to pay for water. 
As above, plus water management considerations 
(need for re-use, etc.). 
Source: Parr and Horan, 1994 
 
2.10.3 Contemporary Water & Wastewater Quality Management 
Instruments 
van Veelen (2002) identified the water quality management model illustrated in Figure 2.8 
but did not develop his management framework further by identifying the requisite 
instruments/tools or management approaches that could specifically address water quality 
problems in the pollution pathways. However, DWAF (1999) identified the following 
tools/instruments that can specifically be employed with the van Veelen‘s management 
model to tackle the pollution problems at Matsapha. These tools are discussed below. 
 
2.10.3.1 Licensing & Authorization Instruments 
Licensing and authorization refers to the exercise of control over an activity through 
authorization and licensing of that activity. Such control is exerted through allowing or 
disallowing (authorization) of an activity through licence or permit. Such conditions 
normally describe the parameters of the licence e.g. volume of water abstracted, nature of 
the wastewater effluent produced, the volume of discharge, and renewals (DWAF, 1999).  
 
2.10.3.2 Command-and-Control Instruments 
Command-and-control mechanisms refer to regulatory measures deployed to manage 
water quality. Command-and-control mechanisms should be deployed in combination with 
other instruments in order to manage water quality effectively. Typically, regulatory 
measures seek to place direct controls on the behaviour of dischargers through a number 
of ways (DWAF, 1999): 
 Input restrictions into production processes e.g. banning soaps containing 
phosphate; 
 Technology controls e.g. enforcing certain minimum technology requirements such 
as activated sludge treatment; 
 Output controls e.g. discharge standards. Discharge standards become a focus of 
management and discharge is controlled by the discharger and monitored by the 
regulator to achieve the discharge standard. Where discharges are non-compliant 
with the standards, options for enforcement such as fines, litigation, and licence 
withdrawals are explored. Where management is based on achieving a certain 
discharge standard only, dischargers will adapt their operations to such an extent 
that standards are met and no further; or may develop innovative ways of 
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achieving the standards without effectively reducing discharge loads e.g. through 
dilution, or irrigation of the effluent onto land; 
 Emission licensing and permitting; and  
 Zoning e.g. restricting of certain companies to certain geographical areas and 
thereby influencing where discharge/pollution occurs. 
 
2.10.3.3 Economic Instruments 
Economic instruments make use of economic rationality and market forces to change 
discharge behaviour. These instruments introduce economic incentives or disincentives to 
affect dischargers‘ decision-making. Common examples include environmental taxes e.g. 
taxes on fertilizers, targets subsidies e.g. subsidies on phosphate-free soaps and 
detergents, incentive-based effluent discharges, and user charges that seek to recover 
the costs of managing water quality and mediating impacts (DWAF, 1999). 
 
2.10.3.4 Persuasive Instruments 
Persuasive instruments are commonly the non-regulatory, non-economic instruments 
deployed in the management of water quality. Typical examples include education, 
awareness raising, self-regulation and voluntary agreements e.g. certification and 
labelling. Self-regulation requires that dischargers regulate their discharges and strive to 
achieve improved discharge water quality. Self-regulation is motivated by, amongst 
others, an adoption of the principles of sustainable development, accountability 
requirements to stakeholders and demonstration of corporate social and environmental 
responsibility (CSR). Certification, e.g. ISO 14000 series certification, and sets of various 
standards require that dischargers achieve these standards in operation, and discharge 
accordingly to gain and retain the certification. Certification could also be required by law 
for certain industries/operations, or could impart advantages to the dischargers through 
demonstration of CSR, and preferential rating for tenders and contracts (DWAF, 1999). 
 
2.11 Gaps & Weaknesses in Scientific Information & 
Knowledge  
From the critical review of the issues in this chapter, various gaps and weaknesses in 
literature are identified. Under these new circumstances (gaps), which this research 
aspires to fill, there is a need for researching the extent to which the pollution of the 
Lusushwana River is caused by the Matsapha industries. Critical examination of the gaps 
and issues discussed in this chapter give rise to two testable hypotheses (propositions, 
assumptions) (Refer to Chapter 1 Section 1.2.2), which will be used to guide data 
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collection for the study and as a basis for setting the research questions, aims, and 
objectives; and for limiting the research scope. This will enable the research questions to 
be answered fully without ambiguity. These gaps and weaknesses are: 
 Lack of logical empirical evidence on how  the characteristics (quality and quantity) 
of wastewaters discharged by anthropogenic activities at the Matsapha industrial 
estate affect the water quality of the Lusushwana River at Matsapha. Pollution was 
suspected but analyses were not valid because drinking water quality standards 
were used inappropriately, instead of using surface water quality standards.  
 Lack of studies on perceived perceptions of stakeholders (users, environmental 
monitoring agencies and the proprietors of companies) concerning the pollution of 
the Lusushwana River.  
 Lack of studies on the anthropogenic sources of pollution and pollution pathways 
to the Lusushwana River at Matsapha. 
 Lack of studies on the characteristics (quality) and quantities (scale) of the 
wastewaters discharged directly into the Lusushwana River at Matsapha; the 
treatments the wastewaters receive prior to disposal, the reasons for the 
treatments; and effeciency of the treatments? 
 Lack of evidence directly linking the industries with the water quality of the 
Lusushwana River and studies establishing the total maximum daily load of 
pollution (TMDL) that the Lusushwana River can receive and still meet water 
quality standards.  
 Lack of studies on perceived pollution impacts on the riparian communities 
downstream of Matsapha and on how the riparian communities‘ complaints on 
pollution are addressed. 
 Lack of studies on resources, programmes and legislation available to limit 
pollution of the Lusushwana River at Matsapha.  
 Lack of studies on what constrain (as barriers) and enhance (as drivers) effective 
wastewater management and pollution monitoring at Matsapha. 
 Lack of studies on applicable contemporary wastewater management and pollution 
monitoring instruments,  incentives and disincentives needed to encourage 
reduction in pollution of the Lusushwana River at Matsapha. 
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2.12 Conclusion to this Chapter 
This chapter has reviewed the current knowledge base on the research problem; drawing 
on available literature and publications, thus enabling the researcher to make a distinction 
of what has been achieved and or not achieved. Current findings suggest that the 
Lusushwana River is polluted by the Matsapha industries. What is not clear is evidence 
directly linking the industries with the river quality. Against this background is the complex 
issue of the impacts of pollution on the health and livelihoods of the riparian communities, 
and riverine ecosystem, which are also not clear. Also, the review of literature reveals that 
monitoring, the application and enforcement of legislation is weak hence, pollution at 
Matsapha continues with impunity, which has also not been scientifically confirmed. There 
is therefore a need for this new investigation into the pollution of the Lusushwana River by 
the Matsapha industries under these new circumstances (gaps), which this research 
aspires to fill. 
 
This chapter has also helped to define the study area and the research context, which will 
be discussed in the next chapter. The legal and institutional framework guiding 
environment management at Matsapha; and the key factors related to institutional 
arrangements relevant to implementation of the legislation are outlined. Other 
stakeholders interested and or affected by the pollution of the Lusushwana River and who 
are critical in combating pollution at Matsapha and achieving a pollution free environment 
are also outlined. Further, the chapter has introduced the basic theoretical/conceptual 
framework guiding this research. This chapter has informed the development of the 
hypotheses. Important in the analyses of the chapter is the establishment of gaps and 
weaknesses in knowledge about pollution and its management in the Matsapha industrial 
estate, which are used as basis for setting the research questions and objectives. On 
these foundations established the report proceeds with a detailed description of the 
research in Chapter 3. 
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Chapter 3: Research Methodology & Design  
 
3. 1 Introduction to this Chapter 
Chapter 2 established the research theoretical/conceptual framework through critically 
reviewing the relevant literature in order to identify key research issues. As a 
consequence, the chapter made a distinction between what has been achieved and/or not 
achieved in the subject matter, and gave rise to the research hypotheses, questions, 
aims, and objectives for the study; and helped to set the boundary for the research. This 
chapter provides an insight into the philosophy underpinning in the field of this study, and 
sets the scene for data collection in this study. Thus, this chapter is a focal point of this 
research, and deals with the correlation between data and theory. It links the research 
issues identified in chapter 2 with the approaches, techniques, and tactics that will be 
used to collect and analyze the data needed to answer the research questions, prove or 
disprove the research hypotheses. The importance of quality in these procedures is 
established in order to ensure the research rigour, validity, objectivity, and accuracy. 
Hence, the objectives of this chapter are: 
 To demonstrate that the researcher is conversant with the philosophical basis of 
research underpinning the field of this study; and understands the distinction 
between quantitative and qualitative research methodologies;  
 To demonstrate that the researcher has a clear understanding of the importance of 
research design and its place in the research process; and to investigate the tools 
by which the research design can be evaluated; 
 To explore the various research strategies, and methods for collecting data, with a 
view to selecting those that are appropriate for obtaining valid and reliable answers 
to the research questions; and 
 To establish tests for validity and reliability appropriate to the selected research 
methods in order to arrive at valid conclusions. 
 
3.2 The Research Methodology 
Burns (2000), states that: “Research is logic for generating, replenishing and correcting 
knowledge”. Similarly, Ford et al. (1993) define research as: “Seeking through 
methodological processes to add to one‟s body of knowledge and, hopefully, to that of 
others by the discovery of non-trivial facts and insights”. van Manen (1990) posits that: “a 
methodology denotes the philosophical framework and the fundamental assumptions of 
research. A research methodology is described by Saunders et al. (2006) as: “The theory 
of how research should be undertaken, including the theoretical and philosophical 
assumptions upon which research is based, and the implications of these for the method 
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or methods adopted”. This implies that the research methodology is a procedure or 
principle used to collect information on a subject by means of defined methods or series of 
systematic actions or investigation (Leedy, 1989; Burns, 2000). van Manen (1990) and 
Creswell and Plano Clark (2007) argue that the philosophical framework adopted in a 
research study influences the procedures of research. The term research philosophy 
relates to the development of knowledge and the nature of that knowledge (Saunders et 
al. 2006). Philosophically, research can be classified as quantitative and qualitative 
(Clarke, 1998; Crossan, 2003). The methodological distinctions most commonly used to 
focus on the differences between quantitative and qualitative research are generally 
associated with the philosophical traditions of positivism and constructivism (post-
positivism or postmodernism) philosophy respectively (Polit et al. 2001; Crossan, 2003). 
Positivism is defined as: “An approach to social research which seeks to apply the natural 
science model of research to investigations of the social world. It is based on the 
assumption that there are patterns and regularities, causes and consequences in the 
social world, just as there are in the natural world (Bryman, 2004). Constructivism is 
defined as: ―An ontological position that asserts that social phenomenon and their 
meanings are continually being accomplished by social actors. It is antithetical to 
objectivism and essentialism‖ (Bryman, 2004). Positivism and constructivism embodies 
various principles or elements, (Refer to glossary of terms for explanations) which have 
various implications for social and scientific research based on these approaches 
(Bryman, 2004). 
 
Quantitative research is exploratory, explanatory, and inductive in nature. The 
methodology is concerned with causal relationship between variables. The methodology is 
scientific, logical and highly structured, as the research problem is presented in a form of 
a hypothesis that can be subjected to testing and could be proved or disproved. Data from 
this type of research are usually structured, concise, explicit, and quantitative in nature. 
Since the methodology is highly structured, more formally controlled research strategies 
and data collection and analytical techniques can be used to improve the study‘s validity, 
reliability, and generalizability. However, the methodology is criticised for lacking in 
studying human behaviour in an in-depth way, yielding limited data that only provides a 
superficial view of the phenomenon it investigates, and poor external validity (Bryman, 
2004; Burns, 2000). Qualitative research is mainly exploratory, interpretive, and inductive 
in nature. The methodology emphasises processes and meanings that are not measured. 
The methodology allows the study of phenomena in their natural settings, and according 
to the meanings people attach to them. Exploratory data are usually unstructured and 
qualitative in nature; and the focus is on testing the existence of variables rather than their 
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frequency. The qualitative methodology yields volumes of data which requires interpretive 
and creative analysis. The methodology is criticised for being unscientific, personal and 
full of bias, low in validity, reliability and rigour, openness to distortion and for being value 
laden (Bryman, 2004; Burns, 2000). 
 
The writers (Easterby-Smith et al. 1991) state that philosophy enables the researcher: 
 To refine and specify the research methods to be used in a study by clarifying the 
overall research strategy to be used, including the type of evidence to be gathered 
and its origin, the way in which such evidence is interpreted, and how it helps to 
answer the research questions; 
 To evaluate different methodologies and methods in order to avoid inappropriate 
use and unnecessary work, by identifying the limitations of particular approaches 
at an early stage; and 
 To be creative and innovative in either the selection or adaptation of methods that 
was previously outside his/her experience. 
 
It can be deduced from the above discussion that a variety of considerations comes into 
the process of designing and conducting research. Hence, the purpose of describing the 
research process in this study is to raise an understanding of the research methodology 
employed to establish facts or find answers to the research problem. According to Reinard 
(2001), the research process has a number of steps geared towards the development of 
the research. Figure 3.1 shows an ―onion skin‖ approach to the range of research 
philosophies, approaches, strategies, and methods that can be used in a scientific 
enquiry. At the core of the diagram is data collection and data analysis. To achieve this, 
the outer layers need to be considered systematically. For each layer the diagram shows 
the range of options available within that layer. Omitting any layer jeopardises the rigour, 
validity, and reliability of the research approach, transforming it from a systematic rigorous 
scientific enquiry to a trivial data collection and reasoning exercise (Saunders et al. 2006; 
Walliman, 2005).  
 
The onion skin shows that this research is based on a structured enquiry and utilises an 
acceptable scientific methodological approach. Sekaran (2003) offers the hallmarks or 
criteria that underpin scientific research as: purposiveness, rigour, testability, replicability, 
precision and confidence, objectivity, generalizability, and parsimony (Refer to the 
glossary of terms for definitions). These systematic approaches to the research provide 
the criteria by which the research procedures can be checked (Black, 1999). Thus, while 
these systematic concepts do not necessarily guarantee good research, they do 
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encourage the use of approaches that are assumed to be available for scrutiny with 
respect to soundness of logic and process (Sekaran, 2003). The reason for following a 
scientific research is that the results would be less prone to errors, and more confidence 
can be placed in the findings because of the greater rigour in application of the design 
details; which also increases the replicability and generalizability of the findings (Sekaran, 
2003).  
 
On the onion skin, those options considered relevant to this study are shown in bold; other 
options are shown in italics. Evident from the onion skin is that the philosophical 
assumptions most significant to this research are both positivism and constructivism, 
meaning that a mixed-method approach to research is employed in this study. Using a 
mixed-method approach will answer the research question effectively and bring strong 
conclusions about the research assumption. The methodologies‘ traits or attributes 
(Appendix 3.1) show that the fundamental principle of using both qualitative and 
quantitative research methodologies in one study is that the methodologies have 
complementary strengths and non-overlapping weaknesses (Turner, 2003). Therefore, 
using both methodologies in a single study provides better and stronger inferences; as 
such an approach offsets the disadvantages that each method possesses individually. In 
such a case, one methodology gives greater depth while the other gives greater breadth, 
and together they give results from which the researcher can make better inferences 
(Tashakkori and Teddlie, 2003).  
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Figure 3.1: Research Onion 
Source: Adapted from Saunders et al. 2006 
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The second layer of the onion skin shows that the research approach can be through 
deduction or induction, or by a combination of the two known as a hypothetico-deductive 
method (Sekaran, 2003). The deductive approach is allied to positivism and induction to 
interpretivism. Hence, the approaches exhibit major differences and implications for 
research (Walliman, 2005). This research has followed a logical process (based on the 
deductive approach) which is presented by Fellows and Liu (2003); and is illustrated in 
Figure 3.2. In the deductive approach, the researcher critically reviews existing literature 
to identify and define the research problem, develops a theory/hypothesis, formulates the 
research questions and objectives, and the research design/plan to conduct the 
investigation. Compared to the inductive approach, the deductive approach was preferred 
for its emphasis on highly structured approach, and scientific principles such as: 
purposiveness, rigour, testability, replicability, precision and confidence, objectivity, 
generalizability, and parsimony (Refer to the glossary of terms for definitions.) (Sekaran, 
2003). In this approach, research procedures are spelled out in great detail, making the 
research capable of being replicable. In contrast, in the inductive approach, the 
researcher collects data and then develops a theory to explain the data. Hence, the 
inductive approach may be criticized for lacking in scientific principles, rigour, validity, 
reliability and generalization (Saunders et al. 2006).  
 
Identify
the
Problem
Define  the 
Problem
Establish 
Objectives
Produce 
Report
Data Analysis
Data 
Collection
Dissemination Implementation
Develop 
Research
Plan
Review 
Literature
 
Figure 3.2: The Research Process  
Source: Adapted from Fellows and Liu, 2003  
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Also shown in the onion skin are the numerous research strategies including case studies, 
surveys, grounded theory, ethnography, experiment, action and archival research. The 
ideal research strategies are experiment, and survey (Refer to Section 3.4 for details). In 
addition, the onion skin shows that answers to a research problem can be found by 
employing longitudinal and cross-sectional time horizons. This research shall employ both 
longitudinal and cross-sectional time horizons, with data collected at one point in time and 
over time (Babbie, 1990).The data collection techniques are technical experiments, semi-
structured open-ended questionnaires, key informant interviews, and observations. The 
data analytical techniques are SPSS (PASW Statistics 18), and Microsoft Office Excel 
2007. All the techniques/tactics for executing this research are discussed in detail under 
Sections 3.9 and 3.10. 
 
3.3 Research Design 
Kerlinger (1986) defines a research design as: “A plan, structure and strategy of 
investigation so conceived as to obtain answers to research questions or problems. The 
plan is the complete scheme or programme of the research. It includes an outline of what 
the investigator will do from writing the hypothesis and their operational implications to the 
final analysis of data”. Inference from Kerlinger‘s definition shows that a research design 
has two major functions, which are: 
 Identification and development of procedures and logistical arrangements required 
to undertake a study; and 
 Ensuring quality in these procedures to ensure their validity, objectivity, and 
accuracy. 
 
Research design is different from research methodology, and the methods/tactics by 
which data are collected. Yet, it is not uncommon to see research design treated as a 
mode of data collection rather than a logical structure of the inquiry (de Vaus, 2001). A 
comparison of a research methodology and a research design shows that they focus on 
diverse but essential procedures which influence a research study, and their contrast is 
described in Table 3.3. Their contrast shows that a methodology is the framework that 
relates to the entire process of the research (Creswell, 2003; Creswell and Plano Clark, 
2007). A methodology focuses on the process or steps and the kind of research tools and 
procedures needed to obtain the requisite data for the study (Mouton, 2001). A research 
design can be seen as a plan that helps answer the research question(s) and guides the 
process of collecting, analyzing and interpreting the observations of a study (Mayer and 
Greenwood, 1980). It is therefore a logical sequence of steps linking the initial research 
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questions to the data collected and ultimately to a series of conclusions arising from the 
study (Yin, 1994:2003).  
 
There is nothing intrinsic about any research design; data for any design can be collected 
with any data collection method/tactic. Equating a research design with research 
methodologies and/or any form of data collection methods may lead to poor evaluation of 
designs as this means that the research design is evaluated against the strengths and 
weaknesses of the methodology and/or methods rather than its ability to draw relatively 
unambiguous conclusions (Yin, 1994:2003; de Vaus, 2001). The need for research design 
arises from a sceptical approach to research explanations and the notion that scientific 
knowledge must be provisional or subject to further testing. Thus, the purpose of research 
design is to reduce the ambiguity of research evidence. Research evidence or answers 
should provide a compelling test of our theory rather than being consistent with our theory. 
This could be ensured by eliminating rival explanations of the evidence, and deliberately 
seeking evidence that could disprove the theory. Research design enables the researcher 
to examine and evaluate plausible rival hypotheses regardless of the particular research 
design, quantitative or qualitative data, and method of data collection (de Vaus, 2001).   
 
Table 3.1: Contrast between a Research Design & Methodology  
 RESEARCH DESIGN  RESEARCH METHODOLOGY  
Focuses on the end product- i.e. What kind of study 
is being planned and what kind of result is aimed at? 
Focuses on the research process and the kind of 
tools and procedures to be used. 
Point of departure is the research problem or 
question. 
Point of departure is the specific tasks at hand such 
as the data collection or sampling.  
Focuses on the logic of research: - i.e. What kind of 
evidence is required to address the research question 
adequately? 
Focuses on the individual steps in the research 
process and the most objective procedures to be 
employed. 
Source: Mouton, 2001 
 
3.3.1 Selection of a Research Design 
Kumar (1999), states that, in an empirical or scientific investigation, the selection of an 
appropriate research design is crucial in enabling the researcher to arrive at valid findings, 
comparisons and conclusions. Below are three key principles that lead to choosing either 
a qualitative or quantitative research design: 
 A clearly conceived question, problem, or hypothesis: - Defining the research 
question clearly is paramount, so that the conclusions drawn will be valid, reliable 
and unambiguous (Kelly, 2004; Yin, 1989; de Vaus, 2001; Saunders et al. 2006). A 
research problem should therefore contain clear objectives derived from the 
research question, specify sources from which the data will be collected, and also 
consider the possible constraints (Saunders et al. 2006).  
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 Decisions have to be made about theoretical and methodological approaches to 
the research problem. This means that the researcher must be aware of some 
level of the possible application for the range of methodologies, as they are often 
expected to justify their selected approach in relation to the suitability of alternative 
designs (Kelly, 2004; Saunders et al. 2006). The choice of a research design 
reflects decisions about the priority given to a range of dimensions of the research 
process (Bryman, 2004). These include the purpose of the research, theoretical 
and analytical frameworks, and the importance attached to expressing causal 
connections between variables, the research questions, and generalization. 
 The proposed methods should produce robust data analysis to address the 
research problem (Kelly, 2004). 
 
According to de Vaus (2001), research design includes case studies, experiments, 
multiple methods, mixed methods, surveys, as well as longitudinal and cross-sectional 
designs. In this study, a mixed method design is used. A mixed method is: “The 
incorporation of various qualitative or quantitative strategies within a single project that 
may have either qualitative or a quantitative theoretical drive. The “imported” strategies 
are supplemented to the major or core method, and serve to enlighten or provide clues 
that are followed up within the core method” (Tashakkori and Teddle, 2003). The mixed 
method design in this study involves quantitative and qualitative methods. The qualitative 
design will be employed through a survey (questionnaires, observations, and interviews); 
and the quantitative design in technical experiments and biotic index. The quantitative 
design shall be longitudinal in the time horizon; while the qualitative design shall be cross-
sectional in the time horizon. Like any other research design, the mixed methods research 
design adopted in this study should conform to ethical issues or principles of voluntary 
participation, informed consent, causing no harm to participants, and 
confidentiality/anonymity (de Vaus, 2001), which are discussed in detail in Section 3.8. 
 
3.3.2 Main Purpose & Components of the Research Design 
Before elaborating on the components and purpose for which this research design is 
adopted, it is expedient to express the views of other researchers on the purpose and 
components of research designs. Kumar (1999) states that the main purposes of a 
research design are related to the identification and/or development of procedures and 
logistical arrangements required to undertake a study; and the importance of quality in 
these procedure to ensure their validity, objectivity, and accuracy. He further states that 
the adopted procedural research plan or design is expected to answer the research 
question validly, objectively, accurately and economically, and should include:  
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 The study design per se;  
 The logistical arrangements proposed to be undertaken (the logistical details 
needed to implement the chosen research design for the study);  
 The measurement procedures;  
 The sampling strategy;  
 The frame of analysis; and  
 The time frame.  
 
Philliber et al. (1980) also are of the opinion that a research design is a blueprint of 
research dealing with at least four problems:  
 What questions to study?  
 What data are relevant?  
 What data to collect? and  
 How to analyze the results?  
 
Saunders et al. (2006) add their view on research design by stating that it is the general 
plan on how a researcher will go about answering his/her research questions, which 
should contain:  
 A clearly defined research question;  
 Clear objectives derived from the research question(s);  
 Considered research strategies;  
 Specific choices on sources of data;  
 Consideration of possible constraints (e.g. access to data, time horizons, location, 
and money); and  
 Consideration of ethical issues.  
 
Yin (2003) states that a research design: “is the logical sequence that connects the 
empirical data to a study‟s initial research questions and ultimately, to its conclusions”. Yin 
adds that a research design should not only indicate what data are to be collected, as 
indicated by the study questions, its propositions, and units of analysis. Instead, a 
research design should also indicate what should be done after the data has been 
collected, as indicated by the logic linking the data to the propositions, and should indicate 
the criteria for interpreting the findings. With regard to case studies, Yin further comments 
that a research design should consist of five important components, namely:  
 A study‘s questions;  
 Its propositions (if any);  
 Its unit(s) of analysis;  
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 The logic linking the data to the propositions; and  
 The criteria for interpreting the findings.  
 
In the view of Maxwell (1996), research design is a reflexive process of events or a 
sequential model which links the activities of collecting and analysing data, developing 
and modifying theory, elaborating or refocusing the research questions, identifying and 
eliminating validity threats, and ultimately reaching a series of results or conclusions. 
Maxwell (1996) describes the research design with five key components as listed below: 
 Purpose: - What are the ultimate goals of the study? What are the issues and what 
are the factors to influence? What is the worth of the study? 
 Conceptual context: - What are the existing theories or knowledge settings for 
addressing the proposed study? 
 Research questions: - What are the questions the research attempts to answer 
and how are the questions related to one another? 
 Methods: - What approaches and techniques will be used to collect and analyze 
the data? and 
 Validity: - What are the explanations or evidences to support the research 
paradigm? 
 
A mixture of views and components of the aforementioned writers (Kumar, 1999; Philliber 
et al. 1980; Saunders et al. 2006; Yin, 2003; Maxwell, 1996) was adopted for the design of 
this study. Although the issues raised by Yin (2003) are of particular relevance to case 
studies in social research, they have been successfully applied in non-case study surveys 
by some researchers (Addo-Yobo, 2005; Nkansah, 2009). Due to their relevance to this 
study, they are also applied in the research design for the purposes of convenience and 
clarity. Table 3.4 below shows how the components raised by the aforementioned writers 
are adapted specifically to this study design. 
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Table 3.2: Components of this Study Design 
RESEARCH DESIGN 
COMPONENTS 
APPLICATION TO THIS STUDY 
The study design per se 1. Experimental study design 
2. Survey study design 
A study‘s questions Primary Research Question  
―What are the pollution impacts on the riparian communities due to anthropogenic pollution of the Lusushwana River; and what actions can be taken to 
minimize the pollution?‖ 
In answering the question, it can be posited that the sources of anthropogenic water pollution can be identified, their impacts assessed; and that effective 
monitoring, legislation enforcement, and collaborative actions by the stakeholders could minimize the pollution of the Lusushwana River at Matsapha. 
Subsidiary Research Questions 
1. How do the characteristics (quality and quantity) of wastewaters discharged by anthropogenic activities at the Matsapha industrial estate affect the 
water quality of the Lusushwana River at Matsapha? 
2. What are the stakeholders‘ perceived perceptions about the water pollution of the Lusushwana River at Matsapha? 
3. What are the anthropogenic sources of pollution and pollution pathways to the Lusushwana River at Matsapha? 
4. What are the characteristics (quality) and quantities (scale) of the wastewaters discharged into the Lusushwana River at Matsapha; what 
treatments do the wastewaters receive prior to disposal, and why; and how effective are the treatments? 
5. What is the association between the industries and the quality of the Lusushwana River at Matsapha; and how much pollution (total maximum 
daily load [TMDL]) can the Lusushwana River receive and still meet water quality standards? 
6. What are the perceived pollution impacts of the riparian communities downstream of Matsapha using the Lusushwana River for domestic and 
livelihood purposes; and how are their (riparian communities) complaints on pollution addressed? 
7. What resources, programmes and legislation are available for effective wastewater management and pollution monitoring at Matsapha? 
8. What are the drivers and barriers to effective wastewater management and pollution monitoring at Matsapha? 
9   What contemporary pollution monitoring instruments, incentives, and disincentives are needed to achieve reduction in pollution of the Lusushwana 
River at Matsapha? 
Propositions/Hypotheses  1. ―The anthropogenic sources of pollution to the Lusushwana River and the associated impacts to the riparian communities can be identified.‖ 
2. ―A combination of monitoring, legislation enforcement, and collaboration of stakeholders could achieve effective wastewater management and 
reduction of pollution of the Lusushwana River. ― 
Overall Purpose/Goals 3. Aims 
1. To establish whether there is an association between the Matsapha industries and the Lusushwana River quality; and the impacts the pollution 
have on the riparian communities downstream of Matsapha.  
2. To recommend  interventions that can be adopted to minimize water pollution by the companies at Matsapha, taking into account technical, 
environmental, economic, social and institutional factors. 
3. Objectives 
1. To determine the nature (character) and scale (level) of anthropogenic pollution in the Lusushwana River at Matsapha. 
2. To determine the stakeholders‘ perceived perceptions about the water pollution of the Lusushwana River at Matsapha. 
3. To establish the anthropogenic sources of pollution and pollution pathways to the Lusushwana River at Matsapha. 
4. To determine the characteristics and quantities of the wastewaters discharged into the Lusushwana River, the types of treatment the wastewaters 
receive prior to disposal, the reasons for the treatments; and the efficiency of the treatments.  
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 3: Research Methodology & Design                - 107 - 
5. To establish the association between the industries and the quality of the Lusushwana River at Matsapha, and the maximum amount of pollution 
(total maximum daily load [TMDL]) that the Lusushwana River can receive and still meet water quality standards. 
6. To assess the perceived pollution impacts of the riparian communities downstream of Matsapha using the Lusushwana River for domestic and 
livelihood purposes; and identify how their complaints on pollution are addressed. 
7. To determine the resources, programmes, and  legislation available for wastewater management and pollution monitoring at Matsapha. 
8. To determine what constrain (as barriers) and enhance (as drivers) effective wastewater management and pollution monitoring at Matsapha. 
9 To determine appropriate interventions that are needed to achieve reduction in pollution of the Lusushwana River at Matsapha. 
Unit(s) of analysis 1. Surface water from Lusushwana River & its tributaries (Luntsantsama River, Mnkhinkhomo Stream, and Tubungu Stream) 
2. Wastewater effluent (Wet industries, Matsapha wastewater treatment plant, Matsapha landfill leachate pond and sewer line)  
3. Relevant stakeholders (Proprietors of companies located at Matsapha urban area; environmental monitoring agencies with jurisdiction at 
Matsapha urban area (Matsapha Town Board, Ministry of Natural Resources and Energy-Department of Water Affairs, Swaziland Environment 
Authority); and riparian communities downstream of Matsapha). 
Research Methodology & 
Strategies 
Research Methodology 
Mixed Methods (Quantitative & Qualitative Research Methodologies). 
Research Strategies 
1. Experiments 
2. Surveys 
Sampling Strategy 1. Purposive Sampling 
2. Snow ball Sampling 
The logic linking the data to 
the propositions: Data 
Collection Methods  
1. Literature Survey 
2. Technical experiments, and a Biotic index 
3. Field observations 
4. Semi-structured open-ended questionnaires 
5. Key Informant Interviews 
The criteria for interpreting 
the findings: Analytical 
Methods 
1. PASW Statistics 18  
2. Microsoft Excel 2007 
Validity  1. Construct; 
2. Internal;  
3. External; 
4. Ecological; and  
5. Statistical conclusion validity. 
Ethics of Research Design The research will conform to the four main ethical principles identified by Diener and Crandall (1978); Kimmel, 1988; and Homan, 1991 as:  
1. Voluntary participation 
2. Informed consent,  
3. No harm to participants, and  
4. Anonymity and confidentiality.  
Time Frame 36 Months 
Source: Developed by the Researcher for this Study 
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3.3.3 Credibility of the Research Design  
A credible research design is important because it guides the methods and decisions that 
a researcher must make during the study, and sets the logic by which interpretation can 
be made at the end of the study (Creswell and Plano Clark, 2007). Therefore, the selected 
research design for the study should be valid, workable and manageable, as a faulty 
research design will result in misleading findings and unreliable results (Kumar, 1999). 
This section therefore addresses the issues of research credibility that are associated with 
the two main research paradigms, quantitative and qualitative research. 
 
Various writers (Yin, 2003; Cook and Campbell, 1979; Saunders et al. 2006; de Vaus, 
2001; Black, 1999) present validity and reliability as the criteria for assessing the 
methodological credibility of quantitative research. Some researchers believe that the 
concepts of validity and reliability only apply to quantitative as opposed to qualitative 
research, and therefore render the concepts as either inappropriate or inapplicable for 
qualitative research (Lincoln and Guba, 1985; Hammersley, 1992a). However, Denzin and 
Lincoln (1994) state that the principles of validity and reliability cannot be disregarded in 
qualitative research as they impact upon the credibility of the findings and conclusions. 
This position is agreed by some qualitative researchers who seek to apply validity and 
reliability in qualitative research regardless of the criticisms (LeCompte and Groetz, 1982; 
Kirk and Miller, 1986; Parakyla, 1997). Bryman (2004) and Lincoln and Guba (1985) 
believe that qualitative research measures are consistent with the quantitative notions of 
validity and reliability.  
 
Other researchers add on the debate by suggesting that qualitative research should be 
evaluated or judged according to different criteria from the one used for judging 
quantitative research. They therefore suggest trustworthiness as a criterion for judging 
qualitative research through applying the following concepts (Lincoln and Guba, 1985; 
Hammersley, 1992a; Accounting Office, 1990 as quoted in Yin, 2003:  
 Credibility (Method is believed to be in line with internal validity e.g. how believable 
are the finding?); 
 Transferability (Method is believed to be in line with external validity as it seeks to 
know if the findings apply to other research contexts); 
 Dependability (Method is believed to be in line with reliability as it seeks to know if 
the findings are likely to apply at other times); and 
 Confirmability (Method is believed to be in line with objectivity as it seeks to know if 
the investigator allowed his/her values to intrude excessively). 
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It appears from the above discussions that the concept of trustworthiness is not new but 
instead is re-inventing the wheel. Reichardt and Rallis (1994) observe that the ―paradigm 
war‖ between the two schools of thoughts (qualitative and quantitative paradigms), has 
raged for decades and at times is laden with suspicion and antagonism rather than 
objectivity. To this end, Bryman (2004) states the need of establishing the right principles 
for assessing the methodological credibility of not only quantitative but also qualitative 
research in order to increase validity and reliability. Bryman (2004) goes beyond the 
criteria of validity and reliability and include replication as another criterion to consider in 
research.  This study utilises the concepts of validity, reliability, and replicability as 
discussed in the two paradigms in order for it to be as credible as possible. These 
concepts of reliability, validity, and replicability as evidence of the credibility of the 
research are outlined below for more clarification. 
 
3.3.3.1 Reliability 
Reliability refers to the degree to which a measure of a concept is stable (Bryman, 2004). 
Saunders et al. (2006) also state that reliability is the extent to which the data collection 
techniques or analysis procedures will yield consistent findings. Easterby-Smith et al. 
(2003), think that reliability can be assessed by posing the following three questions: 
 Will the measures yield the same results on other occasions? 
 Will similar observations be reached by other observers? 
 Is there transparency in how sense was made from the raw data? 
 
In this study, the tactics to be adopted for dealing with the tests of reliability are discussed 
below. Some of these reliability tactics are also implied for validity. Detailed explanations 
of reliability of research tools and findings as well as the associated threats to their 
reliability are discussed at later sections of the report. 
 Use study protocol: - This implies adopting a logical and a consistent approach to 
data gathering and analysis, so that the meanings inferred from the data are 
unambiguous (Mariampolski, 2001). Good study protocol ensures high consistency 
in the measurements by using reliable tools and procedures previously adopted by 
researchers (Babbie et al. 2000). 
 Develop and document the database: - the research procedure will be well 
documented. Good documentation of the research procedure is a constructive way 
of enhancing reliability of the research methods since such documentation 
provides a way by which the research steps can be verified (Silverman, 2000). 
 Use of ‗test-retest (verification):- this is a widely used method for assessing the 
reliability of a research instrument (Kirk and Miller, 1986, Mariampolski, 2001). A 
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reliable research instrument is that in which the results of the study can be 
reproduced under a similar methodology and setting. Attaining a high degree of 
similarity between the results would indicate a high degree of reliability (Kirk and 
Miller, 1986, Mariampolski, 2001). 
 Use of triangulation methods: - triangulation technique is widely used method for 
achieving dependability in terms of reliability and validity (Lincoln and Guba, 1985; 
Seale, 1999). As such, the study will employ multiple research methods which will 
provide the opportunity for data triangulation, with the intention of enhancing the 
study‘s dependability. The triangulation method enables the researcher to address 
different aspects of the same research question thereby extending the breadth of 
the study as well as arrive at conclusions that are valid and acceptable (Healy and 
Perry, 2000, Putton, 2002; Gorman and Clayton, 1997).  
 Use of supervisor and peer review: - the study would be constantly reviewed by 
the supervisor and other researchers. Research bias will be tested with the help 
from sector professionals as well as from fieldwork project partners in Swaziland.  
 Use of pilot studies and post-survey tests are recommended to reinforce data 
reliability and validity (Kervin, 1992; Punch, 1998; Babbie, 1979, 1990). The 
researcher therefore did a pilot study at Matsapha with the questionnaires with the 
help of enumerators. This enabled the researcher to make the appropriate 
adjustments and corrections to the research questions before embarking on the 
full-scale survey. After the survey, a post-survey test of about 5% of the main 
survey was carried out to verify the reliability of the data collected during the main 
survey. 
 
As suggested by Robson (2002), whilst concerned with ensuring the reliability of the 
research, it is also prudent to look out for the four common threats to reliability which are 
shown in box 3.2 below.  
 
 
 
 
 
 
 
 
Box 3.1: Threats to Reliability 
Subject or participant error: “Errors that may occur when research subjects are studied in situations that 
are inconsistent with their normal behaviour patterns, leading to atypical responses‖ (Saunders et al. 
2006). 
Subject or participant bias: ―Bias that may occur when research subjects are giving inaccurate 
responses in order to distort the results of the research‖ (Saunders et al. 2006). 
Observer error: ―Systematic errors made by observers, as a result of tiredness, for example‖ (Saunders et 
al. 2006). 
Observer bias: ―This may occur when observers give inaccurate responses in order to distort the results 
of the research‖ (Saunders et al. 2006). 
Source: Developed by the Researcher for this Study 
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3.3.3.2 Validity 
Bryman (2004) defines validity as: “A concern with the integrity of the conclusions that are 
generated from a piece of research”. Similarly, Saunders et al. (2006) embrace the similar 
concept by stating that: “Validity is concerned with whether the findings are really about 
what they appear to be about”. Bryman (2004) states that, in many ways validity is the 
most important criterion of research. However, the researcher thinks the criterions 
complement each other in that unless a measure is reliable it cannot be valid; and while 
reliability is necessary, it is not sufficient to ensure validity (Robson, 2002). From the 
literature, five aspects of validity which are central to research are implied, namely: 
construct/measurement, internal, external/generalizability, ecological and statistical 
conclusion validity (Cook and Campbell, 1979; Yin, 2003; Saunders et al. 2006; de Vaus, 
2001; Black, 1999; Bickman and Rog, 1998; Bryman, 2004). These are defined in Box 3.2 
below.  
 
Validity need to be incorporated throughout the phases of the research process. Essential 
phases or stages at which construct, internal, external, ecological, and statistical analytical 
validity should be integrated are depicted in Figure 3.3 (Black, 1999). These phases are 
adapted for this study as they are found to be appropriate. The research questions raised 
usually transcend more than one step in the research stages. As shown in Figure 3.3, 
construct validity of the variables to be measured occurs at least 3 points in the 
procedure: when devising the hypothesis, designing instruments, and when collecting 
data. Carefully designing concepts and consequential constructs helps to eliminate 
ambiguity and establishes a basis for ensuring construct validity and reliable operational 
definitions of the variables (Black, 1999). A high level of internal validity is said to occur if 
the design includes a proposal for clear causal relationship, and allows for the control of 
all other possible contributing variables. Internal validity will be ensured by that the design 
of the research process will contribute to ensuring that no other variables other than those 
of interest can differently affect the studied outcome. This will be ensured at 5 points in the 
Box 3.2: Types of Validity & their Definitions 
Construct, Measurement Validity: - ―Is the extent to which your measurement questions actually 
measure the presence of those constructs you intended them to measure‖ (Saunders et al. 2006). 
Internal Validity: - ―Is the extent to which the structure of a research design enables us to draw 
unambiguous conclusions from our results‖ (de Vaus, 2001). 
External Validity/generalizability: - ―Refers to the extent to which results from a study can be 
generalized beyond the particular study‖ (de Vaus, 2001). 
Ecological Validity: - ―Refers to a concern with the question of whether social scientific findings are 
applicable to people‘s every day, natural social settings‖ (Bryman, 2004). 
Statistical Conclusion Validity: - ―Refers to the extent to which the study has used design and statistical 
methods appropriately to detect the effects that are present‖ (Black, 1999).  
Source: Developed by the Researcher for this Study 
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procedure: when devising the hypotheses, determining design structure, identifying 
population and sample, designing instruments, and when collecting data. 
 
 In order to achieve external validity, which is the goal that the study tests the desired 
range of populations and situations as indicated by the underlying theory, it is necessary 
to choose the subjects so that they are representative of the populations and that the 
conditions under which the study is carried out are typical (Black, 1999). Hence, to ensure 
that the results validly apply to the population and situations specified, external validity will 
be ensured at the same points in the procedure as those for internal validity. Bryman 
(2004) states that research findings may be technically valid but ecologically invalid as 
they do not reflect what happens in people daily lives hence are in a sense artefacts of the 
researcher‘s arsenal of data collection and analytical tools. Hence, in this study ecological 
validity will be maximised by ensuring that the instruments of measurement capture the 
daily life conditions, opinions, values, attitudes, and knowledge base of the population 
studied as expressed in their natural habitat (Cicourel, 1982). This will be ensured at 
similar points in the procedure to internal and external validity. Statistical validity will be 
ensured by choosing the appropriate statistical tests which are influenced by various 
planning stages including the designing of instruments, selection of statistical tests for 
resolving the hypothesis, and data collection.The research tactics illustrated in Table 3.5 
are employed in this study to address the tests for validity (construct validity, internal 
validity, external validity, statistical conclusion validity). These research tactics are 
recommended by Yin (2003); Bryman (2004); and Black (1999). They have also been 
applied by various researchers (Saywell, 2000; Doe, 2003; Addo-Yobo, 2005; Nkansah, 
2009).  
 
Table 3.3: Validity Test Tactics for the Research Design  
VALIDITY TESTS STUDY TACTIC PHASE OF RESEARCH IN 
WHICH TACTIC OCCURS 
Construct   Use multiple sources of evidence 
 Establish chain of evidence 
 Have key informants interviews 
 Data collection  
 Data collection 
 Composition 
Internal   Control research settings 
 Do pattern-matching 
 Do explanation-building 
 Address rival explanations 
 Use logic models 
 Data collection & analysis 
 Data collection & analysis 
 Data collection & composition 
 Composition 
 Composition 
External  Use theory in the study 
Use replication logic in the study 
Use generalizability logic in the study 
 Research design 
 Research design & 
composition 
Ecological  Select instruments which capture the daily life conditions, 
opinions, values, attitudes, and knowledge base of those 
studied as expressed in their natural habitat. 
Research design, data collection 
& analysis 
Statistical 
conclusion  
Select robust, but appropriate statistical tool for analysis Research design, data collection 
& analysis 
Source: Adapted from COSMOS Corporation, Undated; in Yin, 2003 
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Figure 3.3: Validity Considerations as part of Research Design 
Source: Adapted from Black, 1999 
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Whilst concerned with maximising the validity of the research, it is also expedient to look 
out for threats to internal and external validity asserted by Robson (2002) which are 
shown in Box 3.4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3.3.3 Replication/Replicability 
As earlier mentioned in Sub-section 3.5.3, Bryman (2004) brought the concept of 
replication as another prominent criterion/ concept of evaluating the quality of research 
which the researcher of this study favours. Bryman adds that some researchers may 
choose to replicate the findings of other researchers for various reasons, such as in cases 
where the original results do not match other evidence relevant to the domain in question. 
Bryman therefore argues that in order for replication to take place, a research study must 
be capable of being replicable. In order for a study to be replicable, the researcher must 
spell out his/her procedures in great detail. For this reason, replicability is closer to 
reliability, since in order for a study to assess the reliability of a measure, the procedures 
that constitute that measure must be replicable by someone else. Bryman sees replication 
as: ―the degree to which the results of a study can be reproduced‘‘; and reliability as: ―the 
degree to which a measure of a concept is stable‖. This study can be replicable as it is 
systematic, and is founded on rational, coherent and logical scientific research methods, 
and its findings can be fully tested and recommendations implemented. 
Box 3.3: Threats to Internal & External Validity 
Threats to Internal Validity 
 History: ―Things that have changed in the participants‘ environments other than those forming a 
direct part of the enquiry‖. 
 Testing: ―Changes occurring as a result of practice and experience gained by participants on any 
pre-tests‖.  
 Instrumentation: ―Some aspect(s) of the way participants were measured changed between pre-test 
and post-test‖. 
 Regression: ―If participants were chosen because they are unusual or atypical (e.g. high scores), 
later testing will tend to give less unusual scores‖. 
 Mortality: ―Participants dropping out of the study‖> 
 Maturation: ―Growth, change or development in participants unrelated to the treatment in the 
enquiry‖. 
 Selection: Initial differences between groups prior to involvement in enquiry‖. 
 Selection by maturation interaction: ―Predisposition of groups to grow apart (or together if initially 
different)‖. 
 Ambiguity about causal direction: ―Does A cause B, or B cause A?‖ 
 Diffusion of treatments: ―When one group learns information or otherwise inadvertently receives 
aspects of treatment intended only for a second group‖. 
 Compensatory equalization of treatments: ―If one group receives ‗special‘ treatment, there will be 
organizational and other pressures for a control group to receive it‖. 
 Compensatory rivalry: “As above but an effect on the participants themselves‖.  
Threats to External Validity (Generalizability) 
 Selection: “Findings being specific to the group studied‖. 
 Setting: ―Findings being specific to, or dependent on, the particular context in which the study took 
place‖. 
 History: ―Specific and unique historial experience may determine or affect the findings‖. 
 Construct effects: ―The particular constructstudied may be specific to the group studied―. 
Source: Robson, 2002 
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3.4 Research Strategy 
 
3.4.1 Ranges of Research Strategies & their Purposes 
Denscombe (2007) states that: “Research strategies are broad approaches to research 
that are concerned with the direction and scale of a research project and its underlying 
philosophy”. Denscombe‘s definition indicates that a research strategy is in essence a 
modus operandi for collecting data, and it can engage a specific instrument as well as 
involve the aims and design principles that outline the overall investigation. There is a 
wide range of common research strategies in which scientific methods can be applied to 
research, including (but not limited to) experiment, survey, case study, ethnography, 
phenomenology, grounded theory, action research, archival research, multiple methods, 
and mixed methods (UWS, 1997; Loughborough University, 2004). Although research 
strategies are associated with research methods, no research strategy is better than the 
other. Moreover, research strategies are not discrete, and may be used in combination in 
the same research study (Saunders et al. 2006; Yin 2003).  
 
Several writers (Walliman, 2005; Yin, 2003; Perry, 2002; Saunders et al. 2006; de Vaus, 
2001; Black, 1999) state that although each research strategy has its own traditional 
beliefs, strengths, and limitations, in essence, they can all be used for 3 customary 
research purposes, namely: exploratory, descriptive, and explanatory (Refer to Box 3.2 for 
descriptions). Yin (2003) states that even though the more appropriate view of research 
strategies should be a pluralistic one as they are associated with either qualitative or 
quantitative research, each strategy can be used for all three purposes (exploratory, 
descriptive or explanatory) of research. However, the researcher should be aware that 
boundaries still exist between methodologies and should avoid misfits through scrutinizing 
strategies closely, then selecting a more appropriate and advantageous strategy for the 
research question investigated (Yin, 1994:2003). Also, Yin (2003), expresses the opinion 
that more than the research purpose, essentially, the choice of using a research strategy 
should be informed by three key conditions namely:  
(a) The type of research question asked;  
(b) The extent and control an investigation has over actual behaviour or event; and  
(c) The degree of focus on contemporary as opposed historical events  (Refer to Table 3.6 
for details).  
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Also, Table 3.6 illustrates the types of research questions that each research strategy can 
appropriately answer. A fundamental classification of the nature of research questions is 
the common sequence of: Who? What? Where? How? and Why? types of questions 
(Yin, 1994:2003; Walliman, 2005; Denscombe, 2007). Yin (1994:2003) further states that 
research questions are a justifiable rationale for applying either an exploratory, descriptive 
or explanatory research strategy. As such, the types of research questions asked indicate 
whether the research strategy will be exploratory, descriptive or explanatory. Yin adds that 
from whichever perspective the researcher analyses or views a problem (i.e. whether the 
research questions require control over the event studied or not, or whether they focus on 
contemporary or historic events), he/she should keep an open mind, and not be limited by 
conventional classifications of research methods. For instance, it is common knowledge 
that case studies have an exploratory motive, however experiments with an exploratory 
motive have always existed (Yin, 2003). Walliman (2005) expresses a similar view and 
states that while the research philosophies and associated methodologies are taken into 
account, the major element a research strategy should consider is the essential interplay 
of data management and theory production in relation to the main characteristic of the 
preferred research methodology.  
 
Table 3.4: Relevant Situations for Different Research Strategies 
METHOD FORM OF RESEARCH 
QUESTION 
REQUIRED CONTROL 
OVER BEHAVIOUR 
 OR EVENT 
FOCUSES ON 
CONTEMPORARY 
EVENTS 
Experiment How? Why? Yes  Yes 
Survey Who? What? Where? How 
Many? How Much? 
No Yes 
Archival Analysis Who? What? Where? How 
Many? How Much? 
No Yes/No 
History How? Why? No No 
Case Study How? Why? No Yes 
Source: Yin, 2003 
 
Box 3. 4: Research Purposes 
Exploratory studies are important for obtaining a good grasp of the research problem and advancing 
knowledge through subsequent theory building and hypothesis testing (Saunders et al. 2006). Hence, an 
exploratory study is: ―A valuable means of finding out what is happening in order to seek new insights; to 
ask questions and assess phenomena in a new light‖ (Robson, 2002). 
Descriptive studies are essential in many situations: where qualitative data is obtained by interviewing 
people at the exploratory stage, when quantitative data in terms of frequencies are needed; or when mean 
and standard deviations are necessary (Saunders et al. 2006). Therefore, the purpose of descriptive 
research is: “To portray an accurate profile of persons, events or situations” (Robson, 2002). 
Explanatory research focuses on studying a situation or a problem in order to explain the relationship 
between variables (Saunders et al. 2007). Thus, the purpose of explanatory research is: “To establish a 
causal relationship between variables” (Saunders et al. 2006). 
Source: Developed by the Researcher for this Study 
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3.4.2 Mixed Methods Research Strategy 
This research answers the What? Who? and Why? questions. The What? questions 
imply an exploration, discovery, and understanding of the central phenomena. The Why? 
and Who? questions entail a quantitative orientation of cause and effect, requiring an 
explanation of why something occurs (Creswell and Plano Clark, 2007; Yin, 2003)? A 
cross reference of these questions against Yin‘s framework as illustrated in Table 3.6 
above preclude archival analysis and history as a form of strategy for this research. Case 
studies could be used for this research as it is most often used in explanatory and 
exploratory research. Further, the case study strategy also has considerable ability to 
generate answers to why, how and what questions. But, in principle, What? and How? 
questions tend to be more concerned with the survey strategy, while Why? questions are 
concerned with the experimental strategy. Case study was not an option for this study 
because it requires the need for triangulation of all methods to ensure the validity of the 
results. Besides, this research is not meant to compare cases in the communities but 
rather to aggregate them under one sampling frame for analysis, hence the survey 
strategy is  more appropriate in this regard. A disadvantage within the notion of context is 
that within case studies, the boundaries between the phenomenon being studied and the 
context within which it is being studied are not clearly evident. This is the complete 
opposite of the experimental strategy where the research is undertaken within a closely 
controlled context. Also a case study strategy differs from the survey strategy where, 
although the research is undertaken in context, the ability to explore and understand this 
context is limited by the number of variables for which data can be collected. 
 
The above explanations show that laboratory experiments and surveys are the most ideal 
strategies for this study since they proficiently answer the research question raised in the 
study, and are suited to the main research paradigm chosen for this study. Since research 
strategies are not discrete, the researcher adopted mixed strategies involving experiments 
and surveys, the details of which are outlined below. 
 
3.4.2.1 Experimental Strategy  
According to Hakim (2000), the purpose of an experiment is to study causal links to 
ascertain whether a change in one independent variable produces a change in another 
dependent variable. The experimental strategy is mainly associated with experimental 
research. Experimental research is fundamentally a classical form of research that is 
assigned to the natural sciences, but it could also feature in the social sciences as well 
(Saunders et al. 2006; Bryman, 2004). Bryman (2004) defines experimental research as: 
“A research design that rules put alternative explanations of findings deriving from it, and 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 3: Research Methodology & Design                118 
possesses internal validity”. Frequently, experimental research is held up as a touchstone 
for it brings about considerable confidence in the robustness and trustworthiness of causal 
findings as they tend to be very strong in terms of internal validity (Bryman, 2004). The 
experimental strategy is therefore regarded as prestigious and superior to all the other 
strategies. The chief reason is that in their purest form, experiments have their roots in the 
natural science laboratory-based research and the precision required means that the 
experiment is often the ―gold standard‖ or ―yard stick‖ against which the rigour or 
robustness of non-experimental research is assessed (Saunders et al. 2006; Bryman, 
2004). Thus the foundation of an experimental research strategy is seen by Greenfield 
(2000) as: “The specification of the conditions at which experimental design will be 
observed”. In experimental strategies, external validity tends to be poor as such strategies 
yield limited information due to the artificiality in the settings and narrowness of the 
design, which somehow undermine the researcher‘s ability to generalise experimental 
findings beyond the specific experiment (de Vaus, 2001). However, an experimental 
strategy is valuable for isolating the causal impact of specific variables (de Vaus, 2001). 
Thus, the rigour of an experimental strategy will vary depending on the contexts within 
which the experiments are conducted. For instance, laboratory settings provide maximum 
control of confounding external influences while natural experiments provide the least 
control (de Vaus, 2001). In conclusion, therefore, the experimental design does not dictate 
particular methods for data collection, but it is critical that the methods chosen must 
produce reliable, valid and meaningful data depending on the observation the researcher 
wants to make (de Vaus, 2001).  
 
3.4.2.2 Survey Strategy 
A survey is a research strategy that involves the structured collection of data from a 
sizeable population using questionnaires, and other techniques such as observation and 
interviews (Saunders et al. 2006). A survey strategy can be cross-sectional with data 
collected at one point in time, or longitudinal with data collected over time (Babbie, 1990). 
This study used a cross-sectional survey design to collect data from the riparian 
communities at Matsapha suspected to be at the receiving end of pollution by the 
anthropogenic companies at the Matsapha industrial estate, the proprietors of the 
companies and environmental monitoring agencies. The cross-sectional survey was used 
because of its advantages in terms of the rapid turnaround in data collection, economy of 
the design, and its ability to identify attributes of a population from a sample (Babbie, 
1990; Cresswell, 2003). The cross-sectional study (also known as a one-shot status 
study) is best suited to studies aimed at finding out the prevalence of a phenomenon, 
situation, problem, attitude or issue by taking a cross section of the population at one time. 
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As this study involves only one contact with the population, cross-sectional studies are 
comparatively cheap to undertake and easy to analyze. However, their biggest 
disadvantage is that they cannot measure change over time.  
 
3.4.3 Justification for the Mixed Method Research Strategy 
In the field of this study, two traditional philosophical research paradigms, constructivism 
and positivism (already discussed in Section 3.3), influence research understanding, 
methodology, and approach. Therefore, this research adopts both the quantitative and 
qualitative research methodologies which define the two philosophical assumptions. 
Several advantages enumerated below exist for using the two methodologies 
simultaneously in a study: 
 The two methodologies when used together in this study will answer research 
questions which pure qualitative or quantitative research cannot answer. Using 
both methodologies, therefore, will enable the researcher to answer explanatory 
and exploratory questions simultaneously. The methodologies will help to discover, 
explain, verify, and generate theory in the same study (Tashakkori and Teddlie, 
2003).  
 Using both methodologies in a single study provides the opportunity for presenting 
greater diversity of views as it allows the elucidating of divergent views of 
phenomena and offers the opportunity to develop more convincing and robust 
explanations of the phenomena being investigated (Tashakkori and Teddlie, 
2003). 
 Using both methodologies in this study will enable the researcher to employ 
multiple data collection methods which will, in turn, provide the researcher with the 
opportunity for adding depth and breadth to the study results and interpretations; 
provide the opportunity for data triangulation, and as such enhance the study‘s 
validity and reliability (Tashakkori and Teddlie, 2003; Bryman, 2004). 
 
3.5 Sampling Strategy 
 
3.5.1 Ranges of Sampling Strategies 
Kumar (1999) defines sampling as: “The process of selecting a few (sample) from a 
bigger group (the sampling population) to become the basis for estimating or predicting a 
fact, situation or outcome regarding the bigger group. A sample is a sub-group of the 
population you are interested in”. Black (1999) suggests that an appropriate research 
design model depends to some extent upon appropriate identification of populations; the 
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selection of representative sample; and sometimes suitable assignment of subjects to 
groups. Such procedures are necessary to avoid the potential confounding by extraneous 
variables that would invalidate any conclusions purporting to have established causal links 
among identified variables (internal validity). Further, the selection of appropriate 
variables/samples will also determine whether the results are legitimately generalizable to 
a larger population (external validity). These procedures will influence the execution of the 
chosen design through the definition of the sample and how subjects are acquired (Black, 
1999). Factors such as what will constitute an appropriate sample of adequate size and 
ultimately how difficult it will be to contact and collect data from the subjects consequently 
depend upon the research questions and the research design chosen (Black, 2007). In 
order to counteract the above sampling problems, two sampling strategies/techniques are 
recommended by Black (1999), Bryman (2004), Saunders et al. (2006), and Kumar 
(1999), which a researcher can adopt, and these are discussed below. 
 
3.5.1.1 Probability, Random or Representative Sampling Designs 
Probability sampling is defined as: “A sample that has been selected using random 
sampling and in which each unit in the population has a known probability of being 
selected” (Bryman, 2004). Common probability sampling techniques include simple 
random, stratified random, cluster, and stage sampling ((Black, 1999). With probability 
sampling, the chance or probability of each case being selected from the total population 
is known and is usually equal for all cases, which makes it possible to answer research 
questions or to achieve objectives that require the researcher to estimate statistically the 
characteristics of the population from the sample. Probability sampling techniques are 
regarded as superior as they have the assumption that the sample will be chosen 
statistically at random; specify the probability that any case will be included in the sample 
and in that case increase the chance of a representative sample (Cook and Campbell, 
1979). Consequently, probability sampling is often associated with surveys and 
experimental research strategies (Black, 1999; Saunders et al. 2006).  
 
3.5.1.2 Non-probability, Non-random or Judgemental Sampling Designs 
Non-probability sampling is defined as: “A sample that has not been selected using a 
random sampling method. Essentially, this implies that some units in the population are 
more likely to be selected than others” (Bryman, 2004). Common non-probability sampling 
techniques include purposive, quota, snowball, and volunteer, accidental convenience 
sampling (Black, 1999). Contrary to probability sampling, the probability of each case 
being selected from the total population is not known, making it impossible to answer 
research questions or to address objectives that require the researcher to make statistical 
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inferences about the characteristics of the population (Black, 1999; Saunders et al. 2006). 
Nevertheless, the researcher may still be able to generalize from non-probability sampling 
about the population but not on statistical grounds. Non-probability sampling (other than 
quota sampling) is often associated with a case study strategy. Despite that non-
probability sampling is criticized on that samples are not easily being defensible as being 
representative of populations due to potential subjectivity of the researcher, and that there 
is no way of knowing whether the sample is representative of the population, it has not 
been completely discounted in this study (Black, 1999; Saunders et al. 2006). This is 
because non-probability sampling has a range of sampling techniques which are capable 
and possess the potential of giving an appropriate sample for answering the research 
questions raised in this study. At the same time, it meets the need to address the research 
questions objectively. This makes this study unique as it adopts non-probability sampling 
which is not often associated with survey and experimental research strategy.  
 
3.5.2 Snowball & Purposive Sampling 
The non-probability elements employed in this study are non-random which adopts 
purposive sampling for the experimental strategy and a mix of snowball and purposive 
sampling for the survey strategy. Snowball sampling is defined as: “An interesting 
approach where subjects with desired traits or characteristics give names of further 
appropriate subjects to be contacted. It is of value when there are no lists of population 
members anywhere, not even identifiable clusters” (Black, 1999). Purposive sampling is 
defined as: “Non-probability sampling procedure in which the judgement of the researcher 
is used to select the cases that make up the sample. This can be done on the basis of 
extreme cases such as heterogeneity (maximum variation), homogeneity (maximum 
similarity), critical cases, or typical cases” (Saunders et al. 2006). Table 3.7 gives a 
summary of purposive and snowball sampling techniques mentioning key issues taken 
into consideration in the research design (Black, 1999; Saunders et al. 2006).  The 
researcher is aware that since the sampling strategy is based on non-randomization, the 
sample may suffer lack of representativeness, and has the potential to incur confounding 
variables (Black, 1999). Even so, there are circumstances stipulated by some writers 
(Sekaran, 2003; Black, 1999; Saunders et al. 2006; Kumar, 1999) when non-probability 
sampling could be used, thus the choices made in this study are as follows:  
 The need to use purposive and snow ball sampling for selecting a sample where 
specialized informed inputs on the area researched are necessary. Sekaran 
(2003), states this because the use of any other sampling designs would not offer 
the same opportunity to obtain such specialized information; 
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 The need to use non-probability sampling if the sample to be selected is very 
small, and there is need for selection of a sample with an appropriate focus; 
 The need to use non-probability sampling if specific characteristics, desired traits, 
and the need of building a sample of desired size are the focal point;  
 The need to use snowball sampling where individual cases are difficult to identify 
(for instance in the case of residents where there are no identifiable clusters); and 
 The need to use non-probability sampling if the sampling frame or list, indexes or 
other records which serves as the basis of sample selection do not cover the 
sampling population accurately and completely.  
 
Table 3.5: Purposive & Snowball Sampling Techniques with their Key Issues 
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the basis of 
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researcher 
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dependent 
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Source: Adapted from Black, 1999; Saunders et al. 2006 
 
3.5.3 Population & Sample 
The populations in this study are the surface water resources traversing the Matsapha 
industrial estate; companies producing wastewater other than from ablutions, kitchens and 
canteens (herein referred to as wet companies), environmental monitoring agencies 
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responsible for environmental monitoring at the Matsapha industrial estate, and the 
riparian communities downstream of the Matsapha industrial estate who use the 
Lusushwana River for their domestic and livelihood purposes. From these populations, the 
following sample groups are drawn. 
 
3.5.3.1 Lusushwana River & its Tributaries 
A sampling frame in the form of maps and documents on the state of the environment for 
Matsapha shows four surface water resources at the Matsapha industrial area: 
Lusushwana River, Luntsantsama River, Mnkhinkhomo Stream, and Tubungu Stream 
which make up the population in this study (See Figure 3.4) (Building Design Group, 
2007). The Lusushwana River has the desired traits, thus formed the unit of analysis in 
this study. It is the major river in the industrial estate (the other 3 drains into it), and it is 
used by riparian communities downstream of the industrial estate for their domestic and 
livelihood purposes.  
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Figure 3.4: Matsapha Locality Map Showing Lusushwana River, Luntsantsama River, Tubungu Stream and Mnkhinkhomo Stream 
Source: Building Design Group, 2007  
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After identifying the water resources, it was necessary to choose sampling points and 
water parameters to be tested, which are discussed below. 
 
Sampling Points 
Existing Ministry of Natural Resources and Energy-Water Resource Branch (MNRE-WRB) 
sampling points and other additional points as identified by the study were established. 
Figure 3.5 shows the area image or map of the sampling points. Identification of existing 
Water Resource Branch sampling points was carried out with personnel from the Water 
Resource Branch. The list is as follows:  
 Lusushwana River upstream, 2km upstream of the Matsapha Local Government 
Authority, and before the confluence with Luntsantsama River (SP 01); 
 Lusushwana River upstream of the Matsapha Local Government Area. The 
sampling point is about 1km above the Lusushwana River bridge, just below the 
Matsapha water treatment plant at the confluence of the Lusushwana River and 
Luntsantsama River (SP 03); 
 Lusushwana River at the Matsapha water treatment plant abstraction weir below 
the Ministry of Natural Resources and Energy- Rural Water Resource Branch (SP 
05); 
 Matsapha wastewater treatment plant effluent (SP 08);  
 Matsapha wastewater treatment plant influent (SP 09);  
 Lusushwana River below Swaziland Paper Mills (SP 12); 
 Lusushwana River about 2km downstream of the Matsapha Local Government 
Area (SP 14). 
 
Following an identification of hot spot areas during the exploratory and descriptive survey 
carried out by the researcher, five more sampling points were chosen along the 
Lusushwana River and its tributaries (Figure 3.5). These sampling points were selected 
with the view to identify the influence of the different companies or point sources of 
pollution within the Matsapha Local Government Authority. Further, this was necessary in 
order to ensure a representative water sample. A representative water sample is 
described as: “A sample that meets the objectives of sampling, and that has been 
collected at a place that truly represents the water at the point of concern in the water 
supply system” (DWAF, 2000). These sampling points were:  
 Luntsantsama River upstream, before the confluence with Lusushwana River (SP 
02); 
 Tubungu upstream, before the Matsapha Local Government Authority at Kasipho 
Block Yard (SP 04); 
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 Tubungu downstream, near On-line tyres and Matsapha truck centre (or opposite 
CTM and Maxi-press tyres) just before entering the Lusushwana River (SP 06); 
 Mnkhinkhomo upstream about 1km before receiving effluent from the Matsapha 
wastewater treatment plant (SP 07); 
 Mnkhinkhomo downstream (after receiving effluent from the Matsapha wastewater 
treatment plant just before entering the Lusushwana River) (SP 10);  
 Lusushwana River downstream around confluence with Mnkhinkhomo Stream (SP 
11); 
 Lusushwana River at the Mnkhinkhomo Dam (Dwaleni Power Station abstraction 
dam) (SP 13); 
 
 
Figure 3.5: Area Image or Map of the Sampling Points 
Source: Adapted from Google Maps for the Researcher’s Field Work, 2009 
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The positions of all sampling points were determined by using Google Maps, photographs, 
and a portable Global Positioning System (GPS). The use of a GPS was necessary in 
order to determine the exact geographical location of the sampling position in terms of 
coordinates (latitude and longitude). This method was found necessary in order to ensure 
that the results are accurate, thus increasing the validity, reliability and replicability of the 
measures. Table 3.8 shows the coordinates of the sampling points.  
 
Table 3.6: Coordinates of the Sampling Points 
SITE 
NO. 
SITE 
CODE 
SITE DESCRIPTION SITE COORDINATE 
(DESCRIPTION OF 
SAMPLING POINT) 
ALTITUDE 
(M) 
1 SP1 Control Point (Lusushwana upstream about 1 
km from the Lusushwana bridge at Mahhala) 
031
0
 17‘28E     26
0
 29‘20S 
 
620 m 
2 SP2 Luntsantsama upstream 031
0
 17‘51E     26
0
 29‘22S 604 m 
3 SP3 Luntsantsama mixed with Lusushwana 031
0
 17‘44E     26
0
 29‘16S  602 m 
4 SP4 Tubungu upstream 031
0
 18‘43E     26
0
 29‘38S  627 m 
5 SP5 Matsapha water treatment plant weir 031
0
 18‘14E     26
0
 29‘41S  602 m 
6 SP6 Tubungu downstream 031
0
 18‘17E     26
0
 29‘45S  604 m 
7 SP7 Mnkhinkhomo upstream 031
0
 17‘59E     26
0
 31‘22S  591 m 
8 SP8 Matsapha wastewater treatment plant effluent 031
0
 17‘41E     26
0
 31‘31S  587 m 
9 SP9 Matsapha wastewater treatment plant influent 031
0
 17‘39E     26
0
 31‘18S 612 m 
10 SP10 Mnkhinkhomo downstream 031
0
 17‘33E     26
0
 31‘43S  567 m 
11 SP11 Lusushwana downstream at the confluence 
with Mnkhinkhomo Stream 
031
0
 17‘32E     26
0
 31‘44S  574 m 
12 SP12 Lusushwana below Swazi paper mills 031
0
 17‘27E     26
0
 31‘41S  570 m 
13 SP13 Mnkhinkhomo dam 031
0
 16‘57E     26
0
 30‘53S 600 m 
14 SP14 Lusushwana downstream, 2 km downstream 
from the Matsapha industrial estate 
031
0
 17‘34E     26
0
 31‘47S 
 
562 m 
Source: Researcher’s Field Work, 2009 
 
Water & Wastewater Parameters 
The general classification of physical, chemical and biological properties of water formed 
the population of water parameters in this study. However, it would not be possible to 
determine each individual substance as the sample would be too large and difficult to 
manage; and this would be very costly because of the large number of analysis to be 
made. In order to ensure that the sample was representative of the parameters used for 
monitoring surface water quality in Swaziland, the Swaziland surface water standards 
(SG, 1999) (Refer to Chapter 2 Appendixes 2.7) were used as a sampling frame. Using 
the Swaziland surface water standards as a sampling frame eliminated bias, and ensured 
that the parameters chosen were of environmental significance in Swaziland. That is, the 
substances commonly occur in concentrations that cause adverse health and aesthetic 
problems of concern to domestic users; and are a threat to aquatic organisms. A sample 
of reasonable size was then purposively selected from the sampling frame. Random 
sampling could not be used in drawing the sample because analytical equipments, tools 
and consumables (reagents) for some general methods of analysis would not be locally 
available to perform valid analysis. Table 3.9 gives information on the sampling frame and 
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those parameters (samples) chosen for this study. Colour, odour and temperature were 
analyzed even though not stipulated in the Swaziland surface water standards (SG, 
1999). 
 
Table 3.7: Water & Wastewater Quality Parameters Chosen for this Study 
SAMPLING FRAME  RESEARCH SAMPLE (PARAMETERS 
CHOSEN FOR THIS STUDY) 
PHYSICO-CHEMICAL PARAMETERS PHYSICO-CHEMICAL PARAMETERS 
Odour Odour 
Colour Colour 
Temperature Temperature 
Dissolved oxygen  
pH pH 
Electrical Conductivity/Total dissolved salts Electrical Conductivity/Total dissolved salts 
Turbidity/Total dissolved solids Turbidity/Total dissolved solids 
Hardness Hardness 
Chemical oxygen demand Chemical oxygen demand 
Biochemical Oxygen Demand  
ANIONS ANIONS 
Nitrite Nitrite 
Nitrate Nitrate 
Fluoride Fluoride 
Phosphate Phosphate 
Ammonia  
CATIONS CATIONS 
Iron Iron 
Manganese Manganese 
Cadmium Cadmium 
Aluminium Aluminium 
Mercury   
MICROBIOLOGICAL PARAMETERS MICROBIOLOGICAL PARAMETERS 
Total coliforms  Total coliforms  
Faecal coliforms Faecal coliforms 
Source: Developed by the Researcher for this Study 
 
3.5.3.2 Industries 
An exploratory and descriptive preliminary survey aimed at attaining an inventory of 
industries at Matsapha shows that the municipality contains over 700 businesses (Data 
available from the researcher). In order to limit bias which may arise from leaving out 
some industries, the inventory was verified by a desktop study using the Swaziland Yellow 
Pages (Swazi Yellow Pages, 2009), the Swaziland Business Directory (Swazi Live, 2008), 
the Swaziland White Pages (SPTC, 2009) and previous studies (Mazingira, 2009; IC 
Development, 2009; First Environment Consultants, 2007:2009). Out of the over 700 
businesses identified at the Matsapha urban area, only 175 could be classified as 
industries (Refer to Table 3.10 for details). The remaining are community services such as 
schools and health centres; retail establishments dealing in both food and non-food 
products; Government and business offices; hotels and accommodation establishments. 
From the 175 industries identified, the following categories were established: processors 
or manufacturers of textiles 8.0 %, sign and paint manufacturers 5.1 %, cement depots 
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1.7 %, manufacturers of beverages 1.1 %, meat abattoirs 1.1 %, dairy 0.6 %, bakeries 
and confectioners 4.0 %, pharmaceuticals 0.6 %, paper manufacturers 1.1 %, petroleum 
depots 2.3%, gas depots 2.3%, grain milling, 1.7%, animal feed manufacturers 1.7%, and 
cooking oil and soap manufacturers 0.6 %. These industries formed the population in this 
category. A total of 26 industries were purposively selected for the study since they had 
the desired characteristics (produce industrial wastewater effluent) (For a discussion on 
how the sample was selected from these industries [population] see Appendix 3.2). 
 
Table 3.8: Industrial Categories 
NATURE OF OPERATION FREQUENCY PERCENT 
Food manufacturers 1 0.6 
Timber merchants 3 1.7 
Abattoirs 2 1.1 
Bakeries & confectioners 7 4.0 
Dress making & embroidery 3 1.7 
Pharmaceutical manufacturers 1 0.6 
Book publishers & stationery 2 1.1 
Steel fabrication & recycling 14 8.0 
Petroleum depots 4 2.3 
Gas depots 4 2.3 
Fridge & freezer manufacturers & air 
conditioning specialists 
2 1.1 
Signs & paint manufacturers 9 5.1 
Plastic manufacturers 7 4.0 
Animal feed manufacturers 3 1.7 
Milling companies 3 1.7 
Dairy 1 0.6 
Cement depots 3 1.7 
Beverage manufacturers 2 1.1 
Textile industries 14 8.0 
Paper manufacturers 2 1.1 
Cooking oil & soap manufacturers 1 0.6 
Airlines 5 2.9 
Dry cleaners & Laundromat 3 1.7 
Electrical, building & civil contractors 33 18.9 
Mechanical engineering 
works/automobiles 
46 26.3 
Total 175 100.0 
Source: Researcher’s Fieldwork, 2009 
 
3.5.3.3 Wastewater Treatment & Pre-treatment Plants 
The following discussion details the technique used in selecting the treatment plants 
forming the unit of analysis/sample in this study. The exploratory and descriptive survey 
showed that two wastewater treatment plants are located along the Lusushwana River 
outside the boundary of the Matsapha urban area, one treatment facility is situated 
upstream of the Matsapha Local Government Authority at Ezulwini and one further down 
from the Matsapha urban area at Nhlambeni. Both wastewater treatment plants are 
owned and operated by the Swaziland Water Services Corporation (SWSC). These 
treatment plants do not form the unit of analysis in this study though they may be 
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mentioned in the discussion. Four wastewater treatment facilities were identified within the 
study area at: Conco (also known as Coca Cola Swaziland), Swaziland Water Service 
Corporation, Texray, and Somi. These treatment facilities are located along the 
Lusushwana River bank that marks the municipal boundary of the Matsapha Local 
Government Authority. One of the wastewater treatment plants is owned and operated by 
the Swaziland Water Services Corporation, and discharges its effluent into the 
Mnkhinkhomo Stream, for onward discharge into the Lusushwana River. The remaining 
three wastewater treatment plants are owned and operated by manufacturing industries. 
Texray treatment plant discharges its wastewater into the sewer line for onward discharge 
into the Swaziland Water Services Corporation wastewater treatment plant. Conco and 
Somi effluents are recycled within the industries and are not discharging into the 
Lusushwana River or the sewer line.  
 
Five pre-treatment facilities were identified during the investigation within the study area at 
Swazi paper mills, YKK, Swaziland beverages (SB), Swaziland meat industries (SMI), and 
Swazi poultry industries (SPI). Four of these pre-treatment plants are not within close 
proximity to the Lusushwana River. They are owned and operated by manufacturing 
industries. These pre-treatment facilities discharge their effluents into the sewer line for 
onward discharge into the Swaziland Water Services Corporation wastewater treatment 
plant. The Swazi paper mills pre-treatment facility is located along the banks of the 
Lusushwana River, and discharges its wastewater directly into the Lusushwana River. 
Since the focus of this study is on establishing the direct link between the industries and 
the water quality of the Lusushwana River, purposive sampling was used to select those 
treatment and pre-treatment plants discharging their final wastewater into the Lusushwana 
River or Matsapha wastewater treatment plant. In this case, Conco and Somi treatment 
facilities were not selected for the study since their wastewaters are re-used within the 
industries. The Matsapha wastewater treatment plant and Swaziland paper mills pre-
treatment facilities were purposively chosen as they have direct influence on the water 
quality of the Lusushwana River. The treatment and pre-treatment plants discharging their 
effluent into the sewer line were selected in order to assess the quality of effluent they 
discharge into the sewer line, and in order to establish any link between the industries and 
water quality of the Lusushwana River.  
 
3.5.3.4 Landfills 
The exploratory and descriptive study showed that there are only two landfills within the 
Matsapha urban area. One landfill is owned and operated by the Matsapha Local 
Government Authority. The other landfill is owned by the Swaziland paper mills, but it is 
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no longer operational and has been decommissioned. Hence, the Matsapha landfill 
automatically became the unit of analysis in this study. The Matsapha landfill is of interest 
in this study because reports (IC Development, 2007:2009; First Environment, 2007:2009) 
allege that the leachate from the leachate pond spills into the Mnkhinkhomo Stream and 
Lusushwana River, especially in the wet seasons, contrary to another report (Envirofill, 
2006) which states that the landfill leachate pond is designed to discharge its effluent into 
the Matsapha wastewater treatment plant when the leachate pond spills over. 
 
3.5.3.5 Environmental Monitoring Agencies 
An inventory for agencies responsible for water resources management, development and 
allocation was obtained from Mwendera et al. (2002) and the JMRBWRS (TPTC, 2008). 
This inventory was used as a sampling frame/list which served as the basis of selecting 
the appropriate environmental monitoring agencies in this study. As recommended by 
Kumar (1999), the frame was further reviewed by the researcher in order to eliminate bias 
that could arise from a sampling frame that does not cover the sampling population 
accurately and completely. A purposive tactic was then used in selecting environmental 
monitoring agencies from the sample frame. In the case where the researcher missed out 
some agencies due to unconscious human bias, snowball sampling was employed to 
determine environmental monitoring agencies having jurisdiction over Matsapha (Kumar, 
1999). The results showed that the environmental monitoring agencies responsible for 
water and wastewater monitoring at Matsapha are only three (small sample), and are 
mandated by legislation for monitoring in the Matsapha Local Government Authority. This 
implies that it would be worthless and unnecessary to undertake probability sampling, as 
legislation already dictates which agencies have jurisdiction over Matsapha. As such, the 
three agencies were a necessary focus, and all formed the sample in this study. These 
agencies were identified as the Matsapha Town Board, Swaziland Environmental 
Authority, and the Ministry of Natural Resources and Energy-Water Resource Branch. 
 
3.5.3.6 Riparian Communities 
Literature supposes that riparian communities downstream of the Matsapha industrial 
estate suffer health and livelihoods impacts from using the Lusushwana River (Pana 
Press, 2003; Mwendera et al. 2002; Yongenawe, 2006; IC Development, 2009). These 
communities do not have access to improved water supplies, and instead use the 
Lusushwana River for their domestic, livelihoods, and recreational purposes. Some of 
these communities are on Swazi Nation Land and others are informal squatters on private 
farms. As such, these communities do not have land title deed, which makes them difficult 
to identify using a sampling frame/list/index such as the roll of rate-payers. Although, 
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national statistical surveys for identifying rural settlements on Swazi Nation Land are 
available, besides difficulty in obtaining such a classified list, the disadvantage would be 
that the sample would be extremely large, irrelevant, and hard to control, since the 
researcher is not concerned with all people on Swazi Nation Land in these areas, but only 
those residents who do not have access to improved water supply, and instead use the 
Lusushwana River for domestic, recreational, and livelihoods purposes.  
 
Saunders et al. (2006) and Black (1999) recommend the use of purposive and snowball 
sampling where individual cases are difficult to identify or where there is no sampling list. 
Hence, purposive and snowball sampling was regarded as the best option to select the 
riparian communities downstream of the Matsapha industrial estate. Initial residents with 
specific characteristics and desired traits were handpicked by the researcher, which 
helped to identify subsequent respondents. This technique was of value in this study, 
since the conventional methods for random selection (e.g. stratified sampling) could not 
be used in peri-urban/informal populations as there is no official list for the population, due 
to lack of land tenure and residential addresses. Therefore it would be impossible to use 
random selection in the form of documents such as telephone directories, and roll of rate-
payers. Where individual cases were difficult to identify, snowballing was used, as was 
recommended by Saunders et al. (2006). 
 
The researcher knows from personal knowledge that a majority of reclaimers 
(scavengers) at the Matsapha landfill site are residents from the peri-urban informal 
settlement of Etingulubeni (Echibini), and rural communities of Dwaleni (Nhlambeni), and 
Ngonini (Esitjeni) (Figure 3.6). The researcher then called the reclaimers to a meeting for 
a briefing about the study, and to seek their consent for participation in the study. One of 
the reclaimers is an informal leader of Etingulubeni but he was born at Edwaleni, and has 
lived there most of his life before moving to Etingulubeni. The reclaimer knows the 
neighbouring areas of Edwaleni and Ngonini very well, and has established relationships 
there. The reclaimer was used as a mentor and contact person in this study. He took the 
researcher to the ―chief runners‖ (a messenger or emissary for a chief) of Ngonini, and 
Dwaleni to seek permission to engage their communities in the study. The residents were 
briefed about the study on their next community meetings. All residents who use the 
Lusushwana River were invited to voluntarily participate in the study and a date for 
questioning was set. In the meetings, it was stated that about 300 residents were sought 
for the study. 121 people turned up for questioning, and they are the sample in this study. 
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Figure 3.6: Riparian Communities of Etingulubeni, Dwaleni, and Ngonini 
Source: Adapted from Google Maps for the Researcher’s Field Work, 2009 
 
Summary 
Despite the above justification, the researcher is aware of the criticism that purposive and 
snowball samplings are open to the researcher‘s subjectivity/bias and that of the available 
group from which the sample is drawn (Kumar, 1999; Black, 1999). Therefore the next 
section addresses bias as well as other important issues that affect a non-probability 
sampling strategy and how they could be overcome in this study. 
 
3.5.4 Bias, Reliability & Representativeness of the Sample 
In the view of Chambers (2006), research in rural communities, neglected rural 
peripheries, or areas of people living in poverty, is subjective to six biases: spatial biases 
(urban, tarmac and roadside biases); project bias; person biases (elite bias, male bias; 
user and adopter biases; active, present and living biases), seasonal biases (wet-dry 
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tropical seasons biases); diplomatic biases (politeness and timidity biases); and 
professional biases. In the IDS Working Paper (Chambers, 2006), security is added as the 
seventh bias. These biases influence the choices of areas to be studied, impede 
researchers from undertaking research in remote areas, detect a preference for 
undertaking research in urban areas against rural areas where disadvantaged 
communities are concentrated, and refrain researchers from seeing, meeting, and 
learning form disadvantaged communities. Hence, the problems of disadvantaged 
communities, the poor, and the powerless and voiceless remain largely unseen, unknown, 
unstudied, and unresolved (Chambers, 2006). Besides the biases that influence the 
choices of areas to be studied identified by Chambers (2006), Kumar (1999) states that 
bias in the selection of a sample can occur if sampling is done by a non-random method 
either through conscious or unconscious influences by human choices. Other writers 
(Black, 1999; Saunders et al. 2006; de Vaus, 1999; Bryman, 2004) agree with Kumar by 
listing the forms of the bias listed below:  
 The researcher‘s subjectivity or bias;  
 Bias of the available group from which the sample is drawn;  
 Bias arising from the sampling list or frame, which serves as the basis of selection 
that do not cover the sampling population accurately and completely;  
 Bias arising from conscious or unconscious influences by human choices; and 
 Bias resulting from a section of a sampling population which is impossible to find 
or refuses to co-operate  
 
Besides bias, reliability (consistency of classification) and representativeness of a sample 
are also challenges in the choice of a non-probability sampling strategy (Black, 1999; 
Kumar, 1999). This is because lack of them could lead to instability and inconsistency in 
the research concepts and findings respectively. Therefore in order to avoid bias, 
unreliability and mis-representativeness in the research, Kumar (1999), Black (1999) and 
Chambers (2006), recommend the following steps, which were taken into consideration in 
this study: 
 Offsetting biases and traps of spatial; project; person, seasonal, diplomatic, 
professional, and security through meeting, seeing and seeking out direct 
experiential learning and first hand information from those directly affected; 
 Avoidance of bias in the selection of the sample;  
 Aiming at achieving a maximum precision in the estimates within a given sample 
size in order to avoid the bias in the selection of the sample; and 
 Attempting to overcome the problem of subjectivity through statistical testing.  
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3.6 Gaining Access & Ethical Considerations 
 
3.6.1 Gaining Access 
Appropriateness in gaining the type and level of access required to obtain both secondary 
and primary data is one of the most important considerations in research (Saunders et al. 
2006). The researcher will be able to gain access to organizations and individuals by 
adopting various strategies including allowing sufficient time to gain access and not being 
pushy, using appropriate language, and facilitating ease of contact/reply; establishing new 
relationships and gaining cooperation; using existing contacts to develop new contact; 
providing a clear account of the purpose of the research and type of access required; 
overcoming organizational and personal concerns; highlighting possible outcomes and 
benefits of the research; and establishing credibility in the eyes of the intended 
participants (Saunders et al. 2006). These strategies would lead to gaining access to a 
representative sample which is crucial for answering the research questions validly and 
reliably, realising the research objectives, and making valid conclusions that can be 
generalized, and replicable. However, the researcher would maintain credibility, respect 
and impartiality towards companies, organizations and riparian communities due to 
familiarisation or any other association. 
 
Access in peri-urban and rural communities will be solicited by seeking permission from 
the community authorities (Chiefs) before data is collected from the households within 
their areas of jurisdiction. In companies, access will be solicited directly through the 
proprietors of the companies. There are existing environmental monitoring agencies in 
Swaziland. However, these are believed to be marred by pertinent institutional problems 
which include lack of coordination and lack of coherence of purpose and actions, which 
have led to fragmentation in monitoring and evaluation of water and wastewater quality 
activities in Swaziland. In such a case, gaining access may be difficult, but being a former 
environmental manager, the researcher has established credibility with staff from various 
organizations, and industries (Copies of letters seeking for access and responses are 
available from the researcher). 
 
3.6.2 Ethical Considerations 
During the process of research design, the researcher considered the issue of legality in 
gaining access to the population from which to select a sample; acquiring a sample 
frame/list; securing permission to contact subjects; and acquiring the cooperation of the 
subjects themselves. The issue of ethics in research differ from country to country but in 
general, they are the socio-cultural and psychological concerns, dilemmas and conflicts 
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that need to be considered during the conduct of the research; and may include privacy of 
participants, voluntary participation, informed consent of participants, anonymity, 
maintenance of confidentiality, causing no harm to participant, reactions of participants to 
data collection tactics, effects on participants of the way the data is analysed and 
reported; and behaviour and objectivity of the researcher (Saunders et al. 2006; Neuman 
1997; Punch 1998; de Vaus, 2001). The Medical and Dental Association and the office of 
the Director of Public Prosecution in Swaziland were contacted by the researcher on 
issues pertaining to ethics in social and scientific research.  This was necessary because 
the professional organizations are a sound source of codes of ethics and they specified 
acceptable and unacceptable practices, and procedures which may be morally 
unacceptable, politically difficult or impossible (Homan, 1991; Babbie, 1979). 
 
In order to ensure that this study is methodologically sound, morally defensible and 
sensitive to all that are involved, the research took into consideration the four main ethical 
principles, identified by Diener and Crandall (1978); Kimmel (1988); and Homan (1991) 
as: voluntary participation; informed consent; no harm to participants; and anonymity and 
confidentiality. This research therefore took measures to protect respondents‘ privacy and 
anonymity; encouraged voluntary participation; maintenance of confidentiality; and 
avoided deception by adopting the following measures: 
 Informed consent of respondents was solicited by seeking permission from the 
community authorities before data were collected from the households within their 
areas of jurisdiction. In organizations/companies, informed consent of respondents 
was solicited through letters sent to the Chief Executive Officers before data were 
collected from employees in those organizations. In order to fulfil the ethical 
principle of voluntary consent (Bourque and Fielder, 1995; Neuman, 1997), the 
purpose and benefits of the study were clearly explained in form of letters.  
 When selecting and involving participants for the interviews, the researcher 
ensured that full information about the purpose and uses of participants‘ 
contributions were explained. Respondents were assured of the confidentiality of 
their responses in cover letters, and that the results would only be used for 
research purposes (See Appendix 3.3). 
 Respect and due recognition were given to the cultural and religious beliefs of the 
interviewees and participants. 
 All recorded interviews done, as well as pictures taken, were done with the prior 
consent of the interviewees. 
 All responses were treated as confidential, and the anonymity of the respondents 
was guaranteed by identifying respondents by codes instead of names.  
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 In order to cause minimal psychological stress to respondents who could not read 
and write, and/or understand the content of the questionnaires which was written 
in English, the face to face approach of questioning or interviewing was employed, 
so that trained enumerators could interpret and/or explain the content of the 
questionnaire in the local language. 
 The researcher did not coerce respondents and enumerators into participating in 
the research. 
 Respondents and enumerators were encouraged to keep confidential what they 
heard during the interviews or questioning.  
 In scientific research, the most important ethical consideration is adherence to 
precautionary measures to minimize risk factors that respondents might encounter 
in the process of the research (Stanley, 1992). Due care was taken to ensure that 
participants were not exposed to undue risks and danger as a result of this 
research. 
 
3.7 Sources of Data & Data Collection Methods 
 
3.7.1 Sources of Data 
Primary data will entail experimental investigations, and surveys. Doe (2003) mentions 
that the approach for selecting primary sources of data could be looked at from three 
interrelated perspectives: macro, meso, and micro. Therefore, the approach for the 
selection of primary sources will be established on macro, meso and micro levels. 
 
Macro Level: - at the national level, Swaziland was selected for this study on the basis 
that: 
 There is a need for intervention to minimize anthropogenic pollution as it is 
believed that Swaziland‘s fresh water resources suffer pollution problems from 
industrial, agricultural, and urban development activities (MNRE, 2007; MTEC, 
2001; SADC, Undated, Mwendera et al. 2002; TPTC, 2008);  
 The Usuthu River Basin, which the Lusushwana River is a major tributary, has to 
be protected because of its socio-economic benefits not only to Swaziland but also 
in the neighbouring countries of Republic of South Africa, and Republic of 
Mozambique. In Swaziland, the Usuthu River Basin is a water resource base for 
the largest industrial and agricultural developments, which are the highest 
contributors to Swaziland‘s GDP (TPTC, 2008; MEE 2006; Mwendera et al. 2002). 
Further, the Usuthu River Basin provides fresh water to three quarters of 
Swaziland‘s population (Mwendera et al. 2002);  
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 Swaziland has a structured government for environmental management including 
institutions, and well equipped laboratories for water and wastewater 
management. Hence, the researcher will get support from the various institutions 
regarding access to existing laboratories, data, and personnel assistance that may 
be necessary; 
 Swaziland has a collection of environmental laws and standards for managing both 
water and wastewater which the researcher will use to measure compliance or non 
compliance to legislation requirements; 
 The researcher has a good understanding of Swaziland‘s religion, culture and the 
settings (institutions, communities, industries, businesses) in which she will be 
undertaking this research. Without this understanding, it is easy to make mistakes 
such as using wrong terminology or language when conducting the research which 
may lead into collecting useless data (Saunders et al. 2006); 
 Swaziland is a peaceful country. Further, Swaziland is well developed in terms of 
infrastructures such as electricity, transport and communication. The importance of 
these factors cannot be overemphasized as they are important to the successful 
completion of this research; and  
 The actions to be recommended in this study can be replicable in the various Local 
Government Authorities in Swaziland and the Maputo River Basin, as they all 
share similar pollution problems to Matsapha (TPTC, 2008; MNRE, 2007; 
Mwendera et al. 2002). 
 
Meso Level: - At the wider local level, Matsapha was selected for the study on the basis 
that:  
 Literature alleges that the Lusushwana River at Matsapha is polluted by the 
industries within the Matsapha urban area, the riparian communities downstream 
of Matsapha urban area suffers pollution impacts, and environmental monitoring 
and legislation enforcement seem to be lax. Hence, Matsapha has several 
important stakeholders appropriate to this research and thus the researcher would 
be able to identify a suitable population and compile a suitable sampling frame that 
can be generalized. 
 
Micro Level: - At the local government level Matsapha was selected for the study on the 
basis that:  
 It is the largest industrial area in Swaziland and is home to a large number of 
industrial companies. The companies at Matsapha would provide the 
desired/appropriate characteristics, and traits, to answer the research questions, 
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and address the objectives. The researcher would be able get a representative 
sample that can be generalized; 
 Reports (Mavimbela, 1992; Mtetwa, 1996; Mushala, 2000; Mwendera et al. 2002; 
MNRE, 2007; TPTC, 2008; IC Development, 2007:2009; First Environment 
Consultants 2007:2009; Pana Press, 2003; Yongenawe, 2006) allege that the 
Lusushwana River is polluted by the industries within the Matsapha urban area 
and the riparian communities suffer health and livelihood impacts, but there is no 
empirical evidence to support the claims; and 
 Environmental monitoring agencies with jurisdiction over the Matsapha urban area 
are blamed for lack of pollution monitoring and enforcement of legislation (TPTC, 
2008; Mazingira, 2010; IC Development, 2010; Carmichael, personal 
communication; Fakudze, personal communication Dlamini, personal 
communication), but there is no empirical evidence to support the claims. 
 
3.7.2 Data Collection Methods 
A number of research data collection procedures exist for survey and experiment 
strategies, and these include: technical experiments in the form of field and laboratory 
experiments, biological assessment, focus group discussions; questionnaires; interviews 
(structured, unstructured and semi-structured); record reviews (including literature); and 
observations (Fink, 1995; Denscombe, 2007). In this study, the researcher used technical 
experiments, semi-structured open-ended questionnaires, key informant interviews, and 
field observations to obtain the data for the research, due to the nature of the research 
questions, financial and time constraints. Table 3.11 gives a summary of the data 
collection technique adopted in this study. The data collection techniques and how the 
assistant interviewers were selected and trained are discussed in details in the sub-
sections that follow. 
 
Table3.9: Units of Analysis and Data Collection Tactic 
SAMPLE SELECTED FOR 
THE STUDY 
TYPE OF INVESTIGATION 
Lusushwana & its tributaries 
(Luntsantsama River, 
Tubungu and Mnkhinkhomo 
Streams) 
Technical experiments, observation, biotic-index. 
Environmental monitoring 
agencies 
Interviewer-administered questionnaire, key informant interviews. 
Riparian communities Interviewer-administered questionnaire, observation, key informant interviews 
Matsapha wastewater 
treatment plant & Sewer line 
Technical experiments, interviewer-administered questionnaire, observation. 
Landfill leachate pond Technical experiments, interviewer-administered questionnaire, observation. 
Paper mill Technical experiments, interviewer-administered questionnaire. 
Textile industries Technical experiments, interviewer-administered questionnaire, observation. 
Beverage manufacturers Technical experiments, interviewer-administered questionnaire, observation. 
Pharmaceutical manufacturer Technical experiments, interviewer-administered questionnaire, observation. 
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SAMPLE SELECTED FOR 
THE STUDY 
TYPE OF INVESTIGATION 
Meat & poultry abattoirs Technical experiments, interviewer-administered questionnaire, observation. 
Dairy Technical experiments, interviewer-administered questionnaire, observation. 
Chocolate manufacturer  Technical experiments, interviewer-administered questionnaire, observation. 
Petroleum depots Technical experiments, interviewer-administered questionnaire, observation. 
Garages Technical experiments, interviewer-administered questionnaire, observation. 
Paint manufacturers Technical experiments, interviewer-administered questionnaire, observation. 
Source: Developed by the Researcher for this Study 
 
3.7.2.1 Data Collection through Surveys 
 
Observations 
Gillham (2000) says that there are two main kinds of observation: participant observation 
and direct observation. Participant observation is mainly descriptive whilst direct 
observation, which is mainly qualitative, involves watching from outside in a carefully 
specified way, which is mainly qualitative. Direct observation is relatively less time-
consuming and helps to discover things that people may not wish to reveal in interviews 
(Roche, 1999). It also gives the opportunity to gain first-hand experience. As a result of 
this, the researcher chose the direct observation method for this study. However, one 
disadvantage of direct observation is that reasons for behaviour tend to be less obvious 
(Cavill, 2005). Therefore, direct observation was done to triangulate with the other 
research methods. The direct observation was used for the following investigation: 
 Identification of anthropogenic pollution sources; 
 Detecting signs of pollution in the Lusushwana River and the environment. i.e. 
eutrophication, algae, macro-invertebrates and fish presence; 
 Identifying types of wastewater treatments used by the companies; and  
 Identifying wastewater disposal routes. 
 
Questionnaires 
The term questionnaire generally refers to all techniques of data collection in which each 
person is asked to respond to the same set of questions in a predetermined order. They 
are often used to collect descriptive and explanatory data about opinions, behaviours and 
attributes (Saunders et al. 2006; De Vaus, 2001). The response rate, validity and reliability 
of data collected through a questionnaire depend to a large extent on the design, and the 
structure of the questionnaire, and the rigour of the pilot testing. A valid questionnaire will 
enable accurate data to be collected, and one that is reliable will enable the data to be 
collected consistently. Foddy (1994) emphasise that in order for a questionnaire to be 
valid and reliable, the question must be logical and understood by the respondent in a way 
intended by the researcher, and the answers given by the respondent must be understood 
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by the researcher in the way intended by the respondent. Figure 3.7 shows the stages 
necessary to ensure validity and reliability in respect of the questions and answers cycle. 
Internal validity in relation to questionnaires refers to the ability of the questionnaire to 
measure what you intend to measure; and construct validity refers to the extent to which 
your measurement questions actually measure the presence of those constructs you 
intended them to measure. For the question to be reliable there must be consistency in 
the measure (Saunders et al. 2006). 
 
 
Figure 3.7: Stages that must occur if a question is to be Valid and Reliable 
Source: Foddy, 1994; Saunders et al. 2006 
 
In a survey strategy, questionnaires can be administered in a number of ways, which 
include supervised face-to-face administration by trained interviewers; by telephone with 
or without trained interviewers; and unsupervised or self-administration where the 
questionnaire is normally received and returned through the mail by the respondent (De 
Vaus, 2001). In this study, face-to-face (interviewer-administered) administration of 
questionnaires (Refer to Appendix  3.3 for sample questionnaire) was conducted by the 
researcher and trained interviewers (enumerators) to 121 riparian communities‘ members, 
3 environmental monitoring agencies and 23 proprietors of companies at the Matsapha 
industrial estate. This step (structured interview) was taken so as to obtain a high 
response rate, quick return of responses, as well as to offer the researcher and trained 
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interviewers the opportunity to explain the questionnaires, where necessary, to the 
interviewees. The questionnaires were designed to: 
 Gather baseline data about the sources of anthropogenic pollution of the 
Lusushwana River and its impacts on the riparian communities‘ downstream of 
Matsapha; 
 Explore how wastewater is managed at Matsapha, and the issues that enhance or 
constrain wastewater management, and pollution monitoring and legislation 
enforcement in the Matsapha municipality; and 
 Seek possible appropriate actions to minimize the pollution of the Lusushwana 
River. 
 
Bickman and Rog (1998) recommend two checks that summarize the key elements of 
survey question design: one relates to what constitutes a good question in surveys; and 
the second is a general checklist for designing survey instruments. They state that the 
quality of data derived from a questionnaire survey should depend on the following critical 
elements: 
 The size and the representativeness of the sample;  
 The techniques used for collection;  
 The quality of interviewing; and 
 The extent to which the questions used were good measures of the survey 
objectives. 
 
These checklists were used in this study to alter content, phrasing and emphasis of pre- 
survey questions. Besides, the checklists, Bickman and Rog (1998) further recommend 
characteristics that the questions in the questionnaire should possess in order to meet 
good measurement process of survey data. These characteristics are that: 
 Questions need to be consistently understood; 
 Questions need to be consistently administered or communicated to respondents; 
 What constitutes an adequate answer should be consistently communicated; 
 Unless measuring knowledge is the goal of the question, all respondents should 
have access to the information needed to answer the questions accurately; and 
 Respondents must be willing to provide the answers called for in the question. 
 
As a result, the following measures recommended by Saunders et al. (2006) were 
adopted in order to increase response rate, and to strengthen the reliability and validity of 
the data collected in the study:  
 Careful design of individual questions;  
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 Clear layout of the questionnaire form; 
 Lucid explanation of the purpose of the questionnaire; 
 Questionnaire review by the researcher‘s supervisor, peers and other sector 
professionals. These included some WEDC former and current researchers, 
students and lecturers at the University of Swaziland; environmental scientists, 
planners and engineers from Matsapha Local Government Authority, Ministry of 
Natural Resources and Energy, and Swaziland Environment Authority; 
 Loaded and leading questions were avoided; 
 Simple and clearly understood terms were used; 
 Questions were phrased in such a way as to make translation into the local 
language easier without losing their meaning; 
 Carefully planned and executed administration. The assistant interviewers 
(enumerators) were sufficiently trained for the exercise; 
 The questionnaires were written in English and were administered by the assistant 
interviewers in either English or local dialect (Siswati) depending on the preference 
of the respondent. This was done to avoid errors due to misunderstanding or 
wrongful interpretation; and 
 Pilot testing of questionnaires prior to collecting data to assess the validity and 
reliability of the questions. A pre-test survey was conducted with the 
questionnaires to ensure that respondents could understand the questions asked; 
and to check for any ambiguity in the questionnaires.  
 
Interviews 
Hancock et al. (2007) state that interviews can be structured, unstructured or semi-
structured. In the structured interviews questions are prepared and presented to each 
interviewee in an identical way using a strict predetermined order; but in unstructured 
interviews, free-flowing conversation is used. According to Gillham (2000), a semi-
structured interview, which is in between the two interview extremes, is useful in a 
research because it could give the interviewees the opportunity to explain their views in an 
unstructured manner that would add some new discoveries and understanding to the 
research investigators. Based on this benefit, this study used semi-structured interviews to 
obtain rich data from the interviewees.  
 
More credible data can be collected from interviewees who could provide relevant 
information about the research problems (Babbie, 1979; Patton, 2002). Therefore, in this 
study, the interviewees selected either had knowledge about environmental pollution; 
were directly and indirectly involved in companies that could cause pollution; or were 
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involved in the policy, monitoring and management of pollution. Due to the amount of work 
involved in the interview methodology in terms of time, financial and travelling constraints, 
a total of 15 key interviewees were selected from the Swaziland Environment Authority, 
Ministry of Natural Resources and Energy, Matsapha Local Government Authority, and 
companies at Matsapha who have knowledge about or involved in environmental 
management and pollution issues. The selection of the interviewees was initially done by 
the researcher followed by snowballing to get more interviewees. Interviews lasted 
between thirty minutes and one hour in duration, using the interview frame (questionnaire) 
prepared for them. 
  
Selection and Training of the Enumerators/Assistant Interviewers 
The researcher discussed her need for the enumerators with staff from the University of 
Swaziland, who helped to select enumerators, who: 
 Were conversant with the local community and environment issues; 
 Had experience with administering questionnaires; and  
 Could speak both English and the local dialect fluently. 
 
In order to train the enumerators to prepare them adequately for the task ahead, a three-
day orientation course was organized to provide general guidance on the purpose of the 
research, general survey administration, the research protocol, challenges that could be 
encountered, and specific guidance in relation to particular questions arising in the survey. 
Specific issues discussed include: 
 The aim of the research and the purpose of the survey; 
 The nature of the task involved and the tactfulness required; 
 The challenges and conditions expected; 
 The nature of the questions and their significance for the research; 
 How to deal with uncooperative respondents;  
 The need for self introduction before the commencement of the survey; and  
 The remuneration involved. 
 
In all, six enumerators were selected to go through three days of intensive training. Each 
day of the training lasted for approximately three hours. The first day of the training 
programme discussed the above points thoroughly, and was used for mock questionnaire 
administration by the enumerators in order to get some practical experience required for 
the actual work. The second day was used to pre-test the questionnaires on the 
proprietors of companies and environmental monitoring agencies. On the third day, the 
enumerators were sent to the riparian communities to administer sample questioners to 
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the sampled members. Each of the six enumerators was to administer 5 questionnaires to 
five members of the riparian communities, on the proprietors of companies and 
environmental monitoring agencies at random without following any strict sampling 
procedure. This led to a pre-test sample size of 90. This was done to have the 
enumerators familiarize themselves with administering the questionnaires, as well as 
taking note of and reporting to the researcher any problems or difficulties experienced 
when conducting the pre-test. After the pre-test, the necessary corrections and 
modifications to the questionnaires were made. 
 
3.7.2.2 Data Collection through Experiments 
 
Sampling & Sampling Procedures 
The quality of the water in the Lusushwana River, Mnkhinkhomo Stream, Tubungu 
Stream, Luntsantsama River; and wastewater from some of the companies at Matsapha 
industrial estate had to be determined. The main emphasis was on three attributes 
namely: biological, chemical, and physical water properties. In order to do valid water 
quality analysis the following steps were taken:  
 Desk study of historic water quality information; 
 Adopting correct sampling procedures, transport and storage of samples including 
preservation; 
 Analysis of samples (on-site and off-site or laboratory) using the correct methods; 
and 
 Calculation and correct reporting of results. 
 
Laboratory & Field Analytical Methods 
The analytical methods adopted for laboratory and field analysis are discussed below. 
Different analytical equipment was carried by the researcher from the UK to conduct the 
field study, field and laboratory experiment in Swaziland. 
 
Off-site or Laboratory Analysis: - The laboratory analyses undertaken were physico-
chemical water analysis; and microbiological analysis. The water and wastewater samples 
were analysed at the Water Resource Branch laboratories at Mbabane and Matsapha; 
and Manzini City Council in Swaziland. The parameters and methods employed for each 
analysis is presented in Table 3.12 below. The methods conforms to the Standard 
Methods for the Examination of Water and Wastewater, 20th Edition (Standard Methods, 
1999), and the Swaziland manual of analytical methods (MNRE, Undated). For details on 
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methods employed on colour, nitrite, nitrate, manganese, turbidity, iron, fluoride, sulphate, 
and chloride refer to the HACH Model DR/2000s Manual. 
 
Table 3.10: Water Quality Parameters & Analytical Methods Used 
PARAMETERS UNITS ANALYTICAL 
TECHNIQUE/METHOD 
Physic-Chemical Parameters 
Temperature °C Thermometer 
pH pH units pH meter 
EC μ/cm*  Conductivity meter 
Turbidity Nephelometric units (NTU) Spectrophotometer  
Hardness  mg/ℓ maximum (as calcium carbonate 
[CaCO3]) 
Titrimetry 
Chemical Oxygen 
Demand 
mg oxygen/ℓ Titrimetry 
Colour mg/ℓ Pt-Co Spectrophotometer 
Anions   
Nitrate mg N/ℓ (as nitrogen)  Spectrophotometer 
Nitrite mg N/ℓ (as nitrogen)  Spectrophotometer 
Fluoride mg/ℓ  Spectrophotometer  
Cations   
Iron mg/ℓ Spectrophotometer 
Manganese mg/ℓ  Spectrophotometer 
Cadmium mg/ℓ  Spectrophotometer 
Aluminium mg/ℓ  Spectrophotometer 
Microbiological Parameters   
Total coliforms No.  per 100 mℓ  Membrane filtration  
Faecal coliforms No.  per 100 mℓ  Membrane filtration  
*– 1 mS/m = 10 μ/cm 
Source: Developed by the Researcher for this Study 
 
Field or On-site Analysis: - The field analysis included the analysis of 3 water 
parameters (temperature, pH, and EC); and the biological assessment of 13 macro-
invertebrate organisms (refer to Chapter 2 Sub-section 2.8.2.2 for the list) known for their 
variations in sensitivity to pollution, and fish species caught by the fishermen in the 
Lusushwana River. 
 
Temperature, pH, and EC: - DWAF (2001), recommend that temperature, pH, and EC 
should be analysed on-site using field instruments or test kits. The major reason for on-
site determination of these properties was necessary in order to increase the accuracy of 
the measurement as these substances may change as soon as the sample is taken. 
Further, these parameters are easy to measure. However, DWAF (2001), states that care 
should be taken when conducting analysis on site because the results are not always 
reliable. As such, care was taken to ensure that the results were reliable by avoiding 
contamination of the sample and through using non-complicated field instruments in the 
form of probes. Temperature was measured using a Digital Temperature Probe Rapid. 
pH, EC and TDS was measured using a Hanna Portable H19812-5-pH/Con/TDS meter, 
Serial No. 02871.  
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Biological Assessment: - The biological assessment was undertaken by means of biotic 
index water quality monitoring techniques. The equipment used included a hand-net, a 
container with a lid, some glass jars, and a kitchen sieve. The biotic assessment was 
based on differences in sensitivity to pollution that invertebrates show. A total of 13 groups 
of macro-invertebrates were used in the biological water assessment namely: water 
snails; clams; flatworms; oligochaetes (aquatic rain worms); leeches; mosquito and fly 
larvae (aquatic larvae of craneflies, midges, gnats, mosquitoes, horse-flies, and hover 
flies); crustaceans (hog-lice, freshwater shrimps, and crabs), dragonflies and damselflies; 
water bugs (pond skaters, water boat-men, water scorpions); water beetles; mayflies; 
stoneflies; and sedge flies. 
 
3.8 Data Analytical Methods 
The relevant data used for the study are presented in Table 3.13 below. The raw data not 
presented in the thesis are available (from the researcher) for accessibility. A description 
of the data analyses for both the quantitative and qualitative data is presented below the 
table.  
 
Table 3.11: Summary of Information Available in Research Database 
INFORMATION ITEM QUANTITY 
Households survey questionnaires 121 
Environmental Monitoring Agencies survey questionnaires 3 
Companies survey questionnaires 26 
Semi-structured interviews with key informants (Riparian communities, environmental 
monitoring agencies and proprietors of companies) 
15 
Direct observations to sites, systems and people 60 
Documents reviewed comprising journals, articles, books, theses, administrative documents 300 
Other informal contacts made for information 10 
Source: Developed by the Researcher for this Study 
 
3.8.1 Qualitative Data Analysis 
Qualitative data analysis (QDA) involves determining the categories, relationships and 
assumptions that inform the respondents‘ view of the topic in particular (McCracken, 
1988).  Qualitative data analysis is extremely difficult and time consuming but is crucial 
aspect of qualitative research (Basit, 2003). In the qualitative data analysis, the researcher 
should be able to organize, manage, and retrieve the most relevant pieces of information 
(Coffey and Atkinson, 1996).  This could be done through coding that enables the 
researcher to organize and make sense of textual data, by finding all the pieces of 
information regarding variables of interest to the research and improves reliability 
(Schneider, 2005). Coding involves scanning the data for categories of phenomena and 
for relationships among the categories (Goetz and LeCompte, 1981; Dey, 1993; 
Silverman, 2001; Patton, 2002). There are several QDA programmes such as NUD*IST, 
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Atlas.ti and Microsoft Word for managing the codes and analyzing texts (La Pelle, 2004). 
However, it is imperative to understand and be familiarized with any selected programme 
of choice. Since Microsoft Word has been successfully used for QDA before by 
researchers such as Nkansah (2009), La Pelle (2004), Ryan (2004), Miles and Huberman, 
(1994) due to its simplicity and ease of availability, the researcher adopted Microsoft Word 
for the QDA in this study. Due to the complexity involved in handling a large number of 
codes and references from codes to text; and capturing data that may not be part of the 
texts themselves, some researchers have criticised the use of word processors for doing 
the QDA (Seale, 2002; Richards and Richards, 1994).  
 
The researcher followed the seven steps that La Pelle (2004) successfully used with 
Microsoft Word Processor to code and retrieve qualitative data, as explained below.  
1. The data were formatted into tables including participant information and numbers 
to identify respondents: - Interviewees were identified with identification numbers 
(IDs) and their responses recorded in field notes. The field notes were reviewed, 
corrected and written out using Microsoft 2007 word processor. By so doing, the 
data were formatted into tables using Microsoft Word. All the write-ups were saved 
in the computer file as Word documents. 
2. Developing a theme codebook in tabular format to define linkages between 
numeric codes and theme categories: - The researcher went through the data 
looking for similarities in responses relevant for the research questions by writing 
statements, phrases, headings and labels that describe the key issues and 
insights made. Sub codes were created under the primary codes based on 
emerging issues from the data. These were then organized into the codebook. 
3. Determining data categories on which retrieval will be done and adding columns to 
the data tables to accommodate coding for these. 
4. Entering the thematic coding in the theme code column and modifying the table to 
handle the text that need to be coded with multiple themes:- Thus the coded 
themes mentioned by the respondents or interviewees were tabulated with extra 
columns and rows, where necessary, to accommodate multiple themes raised by 
respondents. 
5. Sorting the data by desired face-sheet data and the theme code categories to look 
for patterns: - The coded data were sorted out into themes in such a way that the 
data that had the same or similar labels were put in the same topic categories. 
6. Validating the coding within a data table, correcting, and re-sorting:- The 
categorized data were examined and re-examined to confirm, reject or modify the 
coded and tabulated data. 
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7. Merging appropriate data tables for validation and analysis: - The themes 
developed from the categorised data were analysed to identify emerging trends 
and conceptual scheme. The conceptual scheme was drawn from the data in a 
systematic manner that addresses the research question. 
 
3.8.2 Quantitative Data Analysis 
The quantitative data generated for the study are for both bivariate and univariate data 
analyses. The univariate analyses provide descriptive statistics for various data items 
while the bivariate analyses are used to examine relationships between pairs of data 
items. The univariate data analysis was done with both the PASW Statistics 18 and 
Microsoft Excel 2007. Excel was used to generate graphs and pie charts while PASW 
Statistics 18 was used to generate cross-tabulations and descriptive statistics. For a rule 
of thumb for cross-tabulations, Bryman and Cramer (2005) recommend a statistical 
approach to apply four types of data variables that are paired up for bivariate analysis. 
These are:  
 Nominal-nominal or nominal-ordinal data: - Cross-tabulation analysis alone or in 
conjunction with chi-square analysis as a test of statistical significance could be 
recommended for this data pair.   
 Dichotomous-dichotomous data:- This is used in the same way as the nominal-
nominal relationship   
 Interval-ordinal data: Cross-tabulation table analysis may be used if there are few 
categories in both the ordinal and interval variables.  
 Interval-nominal or interval-dichotomous data: - Cross-tabulation table and or chi-
square analysis may be used if the interval variable can be sensibly collapsed into 
categories. This approach is only applicable if it is not meaningful to talk about 
which are dependent and which are independent variables. If the interval variable 
can be identified as a dependent variable, then the PASW procedure for 
calculating the mean and its associated statistics can be used. 
 
The quantitative analyses used for the data analyses are described below. 
 
3.8.2.1 Descriptive Statistics 
The main descriptive statistics used for the data analysis were frequency distribution 
tables, graphs and pie charts. These were used to display the data graphically for easy 
inspection and interpretation (Bryman and Cramer, 2005). 
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3.8.2.2  Cross-tabulations 
Cross-tabulations generally allow for the identification of relationships between the 
variables in two or more tables. They are used to show how two variables are related to 
each other. Thus, cross tabulation is a statistical technique which is used to establish an 
interdependent relationship between two tables of values, but does not identify a causal or 
statistical level of significance (Bryman and Cramer, 2005).  
 
3.9  Conclusion to this Chapter 
In this chapter, the researcher looked at scientific research in its various roles as a 
method of inquiry, a professional approach, a way of interpreting how the world works, 
and understanding the range of ways in which additions to knowledge in the policy and 
practice of this field of study are initiated, validated and shared. This chapter revealed that 
the development of knowledge in a particular field of study, and the conduct of research in 
that field, are influenced by the assumptions the researcher holds about the world, the 
philosophical underpinnings of that field, and by the kind of study required by the problem 
under investigation. In the field of this study, knowledge and research is advanced through 
qualitative and quantitative approaches. Despite the differences between quantitative and 
qualitative research, both methodologies were found suitable for this study as the study 
necessitates both an exploratory and explanatory inquiry to answer the questions why? 
what? and how? In that way, the two methodologies (quantitative and qualitative) 
complement each other. Additionally, this chapter gives a detailed description of the 
research protocol and explored many procedures and processes in which 
scientific/empirical research could be undertaken. In this study, research methodology and 
protocol are chosen and followed to investigate the problems of anthropogenic water 
pollution of the Lusushwana River. The chapter outlines the research design for this study, 
research strategies, and the sources of data with their key assumptions stated and 
justified. The study will employ both experimental and survey strategies. The experimental 
strategy will be longitudinal, while the survey strategy will be cross-sectional. The 
experimental and survey research strategies are best suited for exploring and explaining 
the type of scientific research problem established in this research. Thus, primary data will 
be collected through scientific experiments, biological assessment, questionnaires, key 
informant interviews, and observations. On the other hand, secondary data collection will 
be conducted through a critical review of literature. Finally, the researcher explored the 
issues of rigour, validity and reliability applied in this study, provided a rationale for the 
selection of the research methodology, and explained the practical relevance of this study. 
On these established foundations, the research proceeded into data collection.  
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Chapter 4:  Results & Analysis of Data  
 
4. 1 Introduction to this Chapter  
This chapter provides the background of the study area which was briefly introduced in 
Chapters 1, 2, and 3; and presents patterns of results and analyses them for their 
relevance to the research questions and hypotheses. The quantitative and qualitative 
results from the technical experiments, biological assessment, and survey interviews with 
the riparian communities downstream of Matsapha, the environmental monitoring 
agencies with jurisdiction at Matsapha industrial estate; proprietors of companies 
(industries, landfill, and wastewater treatment plant and its sewer line) as well as field 
observations are presented. Data obtained from these are presented with the view of 
providing the evidence needed to address the hypothesis and the key research questions. 
While the quantitative data analysis, which uses the principal data, is mainly based on 
questionnaire and experimental results, the qualitative data analysis is based on the direct 
observations and interview results from questionnaires and key informants. The qualitative 
data are not presented in isolation from the quantitative data, but are combined in a 
manner that triangulates, complements and supplements the quantitative data.  
 
The data for the research questions and hypotheses are presented in the same order as 
they were presented in Chapters 1, 2 and 3 and will be in Chapter 5. Structuring the data 
and analysis of the data around the research questions and hypotheses will ensure that 
the data focus only on solving the research problem by looking at each research question 
and hypothesis in turn (Brown 1996; Perry, 2002). The implications of the results are not 
drawn out in this chapter. This chapter is restricted to presentation and analysis of the 
collected data, without drawing general conclusions or comparing results with those of 
other researchers who were discussed in Chapter 2, although it may contain references to 
the literature about the methodologies, and procedures described in Chapter 3. Only 
Chapter 5 will discuss the findings of Chapter 4 within the context of the literature, as it is 
traditional in science to separate the results from the discussion of their significance, to 
preserve objectivity. Also, this will ensure that Chapter 5 is not undesirably repetitive or 
unstructured (Perry, 2002). 
 
4.2 Study Area Background 
This section provides the background of the Matsapha industrial estate (which is under 
the jurisdiction of the Matsapha Local Government Authority) in terms of its size and 
location, the climatic and hydrology characteristics, so as to contextualize the state of the 
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environment in the study area. The governance of Matsapha is discussed in Chapter 2, 
Sub-section 2.9.2.2. 
 
4.2.1 Topography & Climatic Conditions 
The Matsapha urban area (Refer to Chapter 2, Figure 3.4) popularly known as the 
―industrial beehive or industrial town of Swaziland‖ was established in 1965 as an 
industrial estate/park and is the principal industrial site of Swaziland. It is located along the 
M1 Highway, 11 kilometres from the Municipality of Manzini, and is 35 kilometres from 
Mbabane, the capital city of Swaziland. The urban area is approximately 1150 hectares in 
size, and is situated in the Manzini Region at the Upper Middleveld (Appendix 2.1) of 
Swaziland (FEC, 2007; Building Design Group, 2007). The Upper Middleveld among other 
predominant features (Appendix 2.2) is characterised by an altitude of between 300 - 
1000m ASL. Matsapha lies between an altitude of 570m and 687m ASL. The small 
difference in altitude (±100m) implies a very gentle relief. Thus Matsapha has low hills and 
basins, and is generally flat with gentle slopes of less than 12% towards the Lusushwana 
River, although within the industrial area, slopes of less than 8% are common. The 
generally sloping topography may have adverse impacts on surface and ground water 
quality due to run-off and seepage, which may contain heavy metals and toxic elements 
detrimental to aquatic life forms and human health (FEC, 2007; Building Design Group, 
2007).   
 
The annual temperature ranges at Matsapha are moderate, with maximum temperatures 
during summer months reaching the upper 20s while minimum temperatures during winter 
fall to approximately 00C. The highest temperatures in Matsapha occur between 
December and March, and the lowest between May and August. The yearly minimum 
mean temperature is 14.85 0C and maximum is 25.83 0C (Mazingira, 2009). Just like all 
the areas in the Upper Middleveld of Swaziland, Matsapha has a sub tropical climate with 
a hot rainy season occurring from September to March, and a dry cold season occurring 
from April to August. The mean annual precipitation in Matsapha is approximately 923mm, 
while the mean annual evaporation is 1768mm. This indicates an annual rainfall deficit of 
845mm (Mazingira, 2009). 
 
4.2.2 Hydrology & Water Abstraction  
The Lusushwana River forms the western boundary of the Matsapha urban area and it 
joins the Usuthu River further downstream. The Lusushwana River has various tributaries 
at Matsapha, namely: Mnkhinkhomo Stream, Luntsantsama River, and Tubungu stream, 
all originating North of the industrial area (Refer to Chapter 1, Figure 1.2 and Chapter 2, 
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Figure 3.4) (Building Design Group, 2007). Ground water supply is good in Matsapha, as 
some studies show that the water table is only a few metres below the natural ground 
(FEC, 2007). The Lusushwana River supports the most industrialized town in Swaziland, 
and is of great importance for commercial and subsistence agriculture, and to small-
medium enterprises such as sand mining, and brick making (Mwendera et al. 2002). At 
Matsapha, a large volume of water from the Lusushwana River is abstracted for 
hydropower generation, potable water treatment works, and recreational ponds. 
Consumptive water uses in Matsapha are irrigation (23.15 Mm3/a), domestic (9.71 
Mm3/a), industrial and commercial (4.17 Mm3/a) (TPTC, 2008).  
 
4.2.3 Land Use 
Figure 4.1 shows the various land uses of Matsapha urban area. With Matsapha being an 
industrial town, the land is used mainly for industrial, as well commercial undertakings. 
Also, the land is used for agricultural and residential purposes (Building Design Group, 
2007). The population that fall within the residential areas in the year 2007 was about 
20,000 people with approximately 9 000 males and 11 000 females. All these people are 
housed in about 7 000 households. These figures exclude the population of Greater 
Matsapha (peri-urban and rural settlements), which is estimated at 30,000 (SG, 2007). 
The peri-urban and rural settlements of Etingulubeni, Dwaleni and Ngonini (Refer to 
Chapter 3 Figure 3.6), which are downstream of the Matsapha industrial area depend on 
the Lusushwana River for basic and domestic water purposes such as cooking, drinking 
and bathing. The communities are under-served and do not have access to improved 
water supply. Also, the communities use the Lusushwana River for fishing; commercial 
and subsistence agriculture; sand mining, and recreation (MNRE, 2007). 
 
 
Summary 
The above discussions have been concerned about describing the geographical, 
environmental, economic and political situation of Matsapha urban area where the study 
has taken place. Material summarising the results and analyses of data obtained are 
presented in subsequent sections. 
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Figure 4.1: Matsapha Urban Area Land Uses 
Source: Building Design Group, 2007 
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4.3 Patterns of Results 
 
4.3.1 Background Characteristics of the Interviewees at Matsapha 
 
4.3.1.1 Background Characteristics of Riparian Communities Downstream of Matsapha 
 
Gender Sample Ratio of Riparian Communities Downstream of Matsapha 
Table 4.1 depicts the sample size of the interviewees from the riparian communities 
downstream of Matsapha. From the table, there is a fair gender balance in terms of those 
interviewed in the communities. This was done to avoid gender view bias on the issues of 
pollution of the Lusushwana River and its impact on the communities. This is necessary 
because pollution may affect genders differently. 
 
Table 4.1: Sample Size of Riparian Communities Downstream of Matsapha 
Gender Frequency Percent 
Male 60 49.6 
Female 61 50.4 
Total 121 100.0 
Source: Analysis of Survey Data, 2009 
 
Qualifications of Riparian Communities Downstream of Matsapha 
From Figure 4.2, a significant number of people are without any form of education 
(33.06%), while 37.19% have only primary education. Those with diploma that could earn 
them a decent income are only 2.48%. This could mean low-income wages and high 
unemployment in the communities, as is confirmed by the income sources shown in 
Figure 4.3. 
 
 
Figure 4.2: Qualifications of Riparian Communities Downstream of Matsapha 
Source: Analysis of Survey Data, 2009 
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Income Sources for Riparian Communities Downstream of Matsapha 
From the income sources (Figure 4.3), most people in the communities derive their 
income from self-employment (about 30%), followed by farming (about 21%). The private 
sector employment is not very strong as it forms only about 11% of the income sources. 
Civil service and those who get benefits from the social services are the lowest sources of 
income with a score of 4% each. The qualitative data showed that the self-employed do 
works such as street vending, waste recycling and sewing. Farming is mainly in the area 
of cash crops (vegetables and maize), fishing and rearing of animals (chickens, cattle, 
goats and pigs). Civil service works are mainly construction, security, and cleaning. The 
most common types of casual work are menial jobs which include construction, 
maintenance, gardening, farming, manufacturing and security. 
 
 
Figure 4.3: Income Sources for Riparian Communities Downstream of Matsapha 
Source: Analysis of Survey Data, 2009 
 
4.3.1.2 Background Characteristics of Companies at Matsapha 
Table 4.2 depicts the sample size of the interviewees from the companies at Matsapha. 
From the table, and as discussed in Section 1.7.2, 26 companies were studied in the 
Matsapha industrial area, and they are: the wet industries; Matsapha wastewater 
treatment plant; and Matsapha landfill. A majority of the companies (12) had been in 
operation for over 25 years, 1 each for 21-25 years and 16-20 years, 4 for 11-15 years, 2 
for 6-10 years and. 6 for 0-5 years.  
 
Table 4.2: Nature of Operation and Company Existence Cross Tabulation 
Nature of Operation Company Existence (Years) Total 
0-5  6-10 11-15  16-20 21-25  > 25 
Petroleum 2 0 1 0 0 1 4 
Mechanics 2 1 1 0 1 1 6 
Beverage 0 1 0 0 0 2 3 
Textile 1 0 0 0 0 1 2 
Paint Manufacturer 0 0 0 0 0 1 1 
Sweets Manufacturer 0 0 0 1 0 0 1 
Dairy 0 0 0 0 0 1 1 
29.75% 
10.74% 
4.13% 4.13% 
21.49% 
5.79% 
23.97% 
Income Sources for Riparian Communities Downstream of 
Matsapha (n=121) 
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Nature of Operation Company Existence (Years) Total 
0-5  6-10 11-15  16-20 21-25  > 25 
Meat Abattoir 0 0 1 0 0 1 2 
Paper Manufacturing 0 0 0 0 0 2 2 
Cooking Oil 1 0 0 0 0 0 1 
Pharmaceutical 0 0 1 0 0 0 1 
Matsapha Wastewater 
Treatment Plant 
0 0 0 0 0 1 1 
Matsapha Landfill 0 0 0 0 0 1 1 
Total 6 2 4 1 1 12 26 
Source: Analysis of Survey Data, 2009 
 
4.3.1.3 Background Characteristics of Environmental Monitoring Agencies at Matsapha 
Table 4.3 depicts the sample size of the environmental monitoring agencies. From the 
table, three staff from environmental monitoring agencies were interviewed. As stated in 
Chapter 1 Section 1.74, the environmental monitoring agencies investigated are only 
those agencies with jurisdiction over the Matsapha urban area, and are identified as the 
Matsapha Town Board, Ministry of Natural Resources and Energy-Department of Water 
Affairs, and the Swaziland Environmental Authority. This was done to avoid agencies that 
are not mandated by legislation to control and monitor the environmental status in the 
Matsapha Local Government Area as they may not be directly involved in water and 
wastewater monitoring, and may lack the expertise in the subject investigated. From the 
qualitative data, it showed that the Matsapha Town Board was established in 2004, the 
Ministry of Natural Resources and Energy-Department of Water Affairs in 1975, and the 
Swaziland Environmental Authority  in 1994. One Environment Inspector was interviewed 
from each agency. Further, the data showed that all three Environment Inspectors were in 
possession of bachelors' degrees from the University of Swaziland, and had more than 
five years experience in environmental monitoring. 
 
Table 4.3: Agency Name and Agency Existence Cross-tabulation 
Agency Name Agency Existence (Years) Total 
0-5 16-20 31 - 35 
Matsapha Town Board 0 1 0 1 
MNRE-Department of Water Affairs 0 0 1 1 
Swaziland Environmental Authority  0 1 0 1 
Total 0 2 1 3 
Source: Analysis of Survey Data, 2009 
 
4.3.1.4 Background Characteristics of Key Informant Interviewees in the Study Area  
A summary profile of the 15 key informant interviewees for this study is shown on Table 
4.4. The interviewees represent all the stakeholders in this study which are the riparian 
communities downstream of Matsapha, proprietors of companies at Matsapha, and 
environmental monitoring agencies at Matsapha. The variety was necessary for the 
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profundity and richness of data obtained in qualitative research (Denzin and Lincoln, 
1998). The aim was to explore senior, experienced, and expert views from the companies, 
and to focus in-depth on the rich experiences of the riparian communities who had lived 
for many years in the affected areas of which there is no available data. For the purposes 
of confidentiality, the true names of the interviewees have not been given but instead are 
coded from 01-15. The company names have not been changed but the positions of the 
interviewees are not given as this would expose their identity. 
 
Table 4.4: Sample Size of the Key Informant Interviewees 
INTERVIEWEE 
CODE 
INTERVIEWEE 
01 Riparian communities  
02 Riparian communities  
03 Riparian communities  
04 Conco/Coca Cola Swaziland 
05 Swazi paper mills 
06 Swaziland Meat Industries 
07 Total Swaziland 
08 Summerfield Botanical Gardens & Restaurant 
09 Swaziland Water Services Corporation 
10 Swaziland Water Services Corporation 
11 University of Swaziland (Kwaluseni)  
12 Ministry of Natural Resources & Energy-Department of Water Affairs 
13 Ministry of Natural Resources & Energy-Department of Water Affairs 
14 Swaziland Environmental Authority 
15 Matsapha Town Board 
Source: Analysis of Survey Data, 2009 
 
4.3.2 Sources of Water Supply and Water Uses in the Study Area  
This section addresses sources of water and water uses by the riparian communities 
downstream of Matsapha and the companies at Matsapha. Thus the section is divided 
into two sub-sections (a) riparian communities and (b) the companies. This is to give a 
better overview of the sources of water and the various uses to which water is put in the 
study area. 
 
4.3.2.1 Sources of Water Supply and Water Uses by Riparian Communities Downstream of 
Matsapha 
 
Sources of Water Supply for Riparian Communities Downstream of 
Matsapha 
From the qualitative data, the Lusushwana River (100%) is the only source of water 
available for use by the riparian communities, hence the importance of the Lusushwana 
River to the health and livelihood of the communities. None (0%) of the riparian 
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communities has access to either borehole or reticulated water supply. This is confirmed 
by Figure 4.4 which shows the various uses to which the Lusushwana River is put by the 
communities. About this, one riparian community member said, ―Lusushwana River is like 
god to us. We drink from it, wash with it and farm with it. In fact, we worship it because of 
its great importance to us‟‟. Another remarked, ‗‟The Lusushwana River is our life. Without 
it all of us will be dead and gone!‘‘ 
 
Uses of Lusushwana River by Riparian Communities Downstream of 
Matsapha 
Figure 4.4 depicts how the Lusushwana River is used by the riparian communities for 
various purposes: All the people interviewed used the river for domestic (drinking, 
cooking, washing) and recreation (mainly for swimming, walking and fishing with 
makeshift canoes. Camping and picnicking were not observed). Fishing comes next 
(66%), followed by irrigation (56%) and sand mining (35%). The use for livestock (26%) 
and dumping of waste (22%) is relatively small. This shows the importance of the 
Lusushwana River in the health and livelihood of the communities. The 22% of the sample 
who dump waste into the Lusushwana River reveals that the communities themselves are 
also to blame for polluting the Lusushwana River. This was confirmed by one respondent 
in the community, who said that: „‟I dump my waste into the river because it is the easiest 
way of getting rid of the waste. There are no waste collection services in the community 
and so each of us has to find his own way of solving his waste problems. Besides, the 
river is able to take the waste far away from us to a safe place‟‟. This response not only 
confirms pollution by the riparian communities themselves but also provides evidence of 
ignorance as far as pollution of river is concerned.  
 
 
Figure 4.4: Uses of Lusushwana River by Riparian Communities Downstream of 
Matsapha 
Source: Analysis of Survey Data, 2009 
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4.3.2.2 Sources of Water Supply and Water Uses by Companies at Matsapha 
 
Sources of Water Supply for the Companies at Matsapha 
As is depicted in Figure 4.5, the sources of water supply to the companies are as follows: 
About 65% of water used comes from the Swaziland Water Services Corporation 
(SWSC), while about 27% come from the groundwater and Swaziland Water Services 
Corporation. This implies that, unlike all the riparian communities (100%) who use the raw 
untreated Lusushwana River for all their water related purposes, only 4% of the 
companies use the raw untreated Lusushwana River in any of their operations. 
 
 
Figure 4.5: Sources of Water Supply for Companies at Matsapha 
Source: Analysis of Survey Data, 2009 
 
Water Uses by Companies at Matsapha 
When it comes to the uses to which water are put, Figure 4.6 gives the details. According 
to the proprietors of the companies, water use by the companies are as follows: All the 
companies (100%) use water for washing. 96% of the companies use water for 
transportation of waste, while 81% use water for cooling, and 58% for production and 
dilution of waste. Dyeing takes about 19% of the water use, while 4% of the water use is 
for suppressing dust in the industrial site. This means much more liquid waste will be 
generated by the companies as a result of washing, transportation of waste, and for 
disposal and cooling. 
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Figure 4.6: Water Uses by Companies at Matsapha 
Source: Analysis of Survey Data, 2009 
 
4.3.3  Waste Streams Generated by Companies at Matsapha 
This sub-section seeks to know the types of waste streams generated by the various 
companies situated at the Matsapha industrial estate through interviewing the proprietors 
of the companies themselves. This was done to ascertain the possible pollution sources in 
the study area. Interview with the proprietors of the companies reveals that there are 
several waste streams from the companies that could pollute the Lusushwana River and 
its environs. From the interview, all the proprietors (100%) produce wastewater, paper, 
plastic as well as domestic (garbage) waste. 85% mention that they produce chemicals, 
while 77% produce fat, oil, grease and green waste. 42% mention paint and coal ash, 
while 39% mention  scrap metal. Tyres, fabric and glass each with 31% is the next in line, 
followed next with electronic wastes (27%). White goods (8%), landfill leachate (4%), and 
building rubble (4%) are the least wastes mentioned.  
 
From the observation made, waste is stored on site and majority does not receive any 
form of treatment. With the exception of glass, paper and cardboard which is recycled by 
private companies, oil chemicals and grease is stored on site since there is no collection 
service for it, the remainder of the waste is collected and disposed of at the Matsapha 
landfill by the Matsapha Town Board. Some of the oil and grease is sold to companies 
that make tar, is dumped in storm water drains or the environment. The results mean that 
waste management should remain a principal concern within the municipality, there is the 
need to monitor the industries more vigilantly regarding the manner in which the waste is 
stored, treated and disposed to prevent pollution, and effective enforcement of legislation 
on all waste generators is paramount since the waste streams produced are of great 
environmental significance in terms of pollutants. 
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Figure 4.7: Waste Streams Generated by Companies at Matsapha 
Source: Analysis of Survey Data, 2009 
 
Summary 
Sub-sections 4.3.1 to 4.3.3 provide descriptive data about the riparian communities (e.g. 
their gender, age, and income sources), a brief description of the companies, and the 
environmental monitoring agencies in this study. Also, the section has examined facets of 
waste management as practised by the industries and Matsapha Town Board, and the 
need for effective monitoring and legislation enforcement since they are of great 
environmental significance in terms of pollutants.  The section has examined sources of 
water supply and water uses in the study area and has revealed that the Lusushwana 
River is the only source of water used by the riparian communities and therefore must be 
protected in order to enhance and promote their health and livelihoods. In view of this, 
data in the next sections portray the extent to which the Lusushwana River is polluted, the 
sources of the pollution, the problems created by the pollution, and possible solution 
measures to address the problems. 
 
4.3.4 Subsidiary Research Question 1  
This section addresses the subsidiary research question: How do the characteristics 
(quality and quantity) of wastewaters discharged by anthropogenic activities at the 
Matsapha industrial estate affect the river water quality of the Lusushwana River at 
Matsapha? To ascertain the level (scale) of anthropogenic pollution in the Lusushwana 
River, surveys and technical experiments were conducted including: (a) Personal 
observation; (b) Interviewer administered questionnaires to the environmental monitoring 
agencies; (c) Technical experiments on water quality analysis; and (d) Biological 
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assessment of micro-invertebrates and fish species. The results of these surveys and 
technical experiments are presented below. 
4.3.4.1 Results from Personal Observation 
Personal observations on the field showed evidence of anthropogenic water pollution in 
the Lusushwana River through changes in physical appearance of the water quality, and 
in the environment. Photos 4.1 and 4.2 show visual evidence of poor water quality in the 
form of dark-grey colour and foam. Picture 4.3 shows turbidity and suspended solids; and 
Picture 4.4 showing eutrophication in the Lusushwana River. Changes in the environment 
are evidenced by photo 4.5 which shows dead flora in the Lusushwana River; and Photo 
4.6, which shows evidence of algal bloom and eutrophication in the form of extensive 
vegetative growth along the Lusushwana River. Eutrophication is indicative of pollution 
from agricultural and industrial companies along the Lusushwana River, resulting from the 
influx of nitrate and phosphate that encourage excessive vegetative and algae growth. 
The sources of nitrate and phosphate may be fertilisers applied to agricultural fields, golf 
courses, lawns, and from sewerage treatment plant discharges. Excessive nutrient 
enrichment leads to reduced dissolved oxygen rendering water hypoxic leading to death 
of aquatic organisms. The researcher also observed that loose soil from construction sites 
and sand mining results in sedimentation of the Lusushwana River. 
 
 
Photo 4.1: Showing dark foamy water quality of the Lusushwana River (width of 
river ~ 3m) 
Source: Researcher’s Field Work, 2009 
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Photo 4.2: Showing dark-grey water quality of the Lusushwana River (width of river 
~ 6m) 
Source: Researcher’s Field Work, 2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photos 4.3: Showing turbidity and suspended solids in the Lusushwana River 
(width of river ~ 6m) 
Source: Researcher’s Field Work, 2009 
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Photo 4.4: Eutrophication at the Lusushwana River (width of river ~ 6m) 
Source: Researcher’s Field Work, 2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 4.5: Dead Flora in the Lusushwana River (width of river ~ 6m) 
Source: Researcher’s Field Work, 2009 
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Photo 4.6: Eutrophication and algal bloom along the Lusushwana River (width of 
pond ~ 50m) 
Source: Researcher’s Field Work, 2009 
 
4.3.4.2 Results from the Environmental Monitoring Agencies 
Staff from the environmental monitoring agencies was asked about quantitative water 
quality issues at Matsapha. The results showed that only the Department of Water Affairs 
conduct regular (monthly) water analysis of the Lusushwana River. The quantitative 
results showed that the agency analyse the water quality of the Lusushwana River for 
various parameters including: temperature, colour, smell, DO, COD, EC, TDS, TSS, pH, 
alkalinity, hardness, turbidity, and phosphate. Water quality analysis on heavy metals, 
some anions, microbiological and biological assessments were not undertaken. The 
parameters of concern not analysed include: mercury, arsenic, lead, zinc, chromium, 
copper, aluminium, iron, cadmium, ammonia, BOD, nitrate, nitrite, chlorides, sodium, 
manganese, phenols, fat, oil, grease, total coliform and faecal coliform. The interviewee 
mentioned that the department was on the process of unrolling a programme to monitor 
nutrients, microbiological parameters and metals. The results showed that the 
environmentally significant pollutants of the Lusushwana River were: COD, colour, smell, 
TSS, TDS, turbidity, EC, and phosphate. The interviewee mentioned that the pollution was 
intense in the dry winter months, when the water levels are low, thus affecting the dilution 
factor. The results from the interviewee were verified by the researcher through evaluating 
the agencies‘ background data on water quality assessment of the Lusushwana River 
since July 1977.  
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 The Matsapha Town Board and Swaziland Environmental Authority do not sample and 
analyze the water quality of the Lusushwana River on a regular basis. The qualitative 
results showed that the Matsapha Town Board get to know about the water quality of the 
Lusushwana River from consultancy reports. A scrutiny of the reports showed high 
concentrations of EC, COD, BOD, colour, nitrate, nitrite, phosphate, (First Environment 
Consultants, 2007:2009; Mazingira, 2009; IC Development, 2009). The Swaziland 
Environmental Authority sample and analyse the water quality of the Lusushwana River 
following a complaint or spillage. The agency reports of 2003 and 2006 showed high 
concentrations of COD, BOD, EC, turbidity, total suspended solids, phosphate, nitrate, 
Faecal coliforms, and Total coliforms.  
 
4.3.4.3 Results from the Technical Water Quality Analysis  
Water quality monitoring and analysis of the Lusushwana River was conducted between 
July and December 2009 with an aim to cover both the dry winter months (between July 
and September) and the wet summer months (between October and December). In 
consideration of the Swaziland surface water quality objectives (SG, 1999), the water 
quality characteristics analysed were divided into the following categories: (i) Physico-
chemical parameters (DO, pH, EC, turbidity hardness, COD, and BOD), (ii) Anions 
(nitrate, nitrite, and ammonia, and fluoride), (iii) Cations (iron, manganese, mercury, 
cadmium, and aluminium) and (iv) Micro-biological parameters (Total coliforms and 
Faecal coliforms). With the exceptions of DO, BOD, ammonia and mercury, all the 
parameters were analysed along the Lusushwana River, and the results are presented 
below. The research plan included analysis for DO, BOD, ammonia and mercury, but 
despite various attempts to obtain test equipment and reagents it was not possible to 
analyse for these parameters. A DO meter taken from the UK was damaged during travel 
and the DO meter used by monitoring staff in Swaziland was away for repair. No BOD or 
mercury testing facilities were available locally and reagent chemicals for analysis of 
ammonia could not be obtained locally. These experiences help to highlight some of the 
difficulties faced when monitoring water quality in Swaziland. 
 
Physico-chemical Water Quality Parameters 
 
Temperature: - The temperature along the Lusushwana River tends to range between 
17-25°C. Temperature during all sampling events at all sites was consistently within the 
suggested Swaziland and South Africa river water quality standard of 25°C maximum 
(SG, Undated).  
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pH: - Figure 4.8 shows that pH on the Lusushwana River tends to range between balanced 
and slightly acidic (i.e. within or below the Swaziland surface water quality standard optimal 
pH range of 6.5-8.5) (SG, 1999). The lowest and highest pH values recorded were 6.4 at 
SP 1 and 8.4 at SP 13. SP 1, which is the control site, is outside the Matsapha industrial 
estate. 
 
 
Figure 4.8: pH Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
Colour: - As shown in Figure 4.9 below, colour (measured using the Platinum–Cobalt scale) 
during all sampling events at all locations along the Lusushwana River has been consistently 
well above (84-5536 mg/L) the suggested Swaziland and South Africa river water quality 
standard of 20 mg/L (SG, Undated). In all the locations, the colour problem tends to intensify 
in the driest winter month of July (1992-5536 mg/L). 
 
 
Figure 4.9: Colour Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
Electrical Conductivity: - From Figure 4.10, EC concentrations during all sampling events 
at all locations along the Lusushwana River were within the Swaziland surface water 
quality standard of 1, 800 μ/cm (SG, 1999). The highest EC concentrations were recorded 
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at SP 11 at 790 μ/cm followed by SP 14 at 630 μ/cm. This could be largely due to that 
they are located below point sources of pollution into the river or poor dilution as the river 
is diverted for potable water purification, and hydro-power generation upstream.   
 
 
Figure 4.10: Electrical Conductivity Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
Turbidity: - Figure 4.11 shows that in all the sampling sites and in all the months, the 
concentrations of turbidity are all above the Swaziland surface water quality standard 
of 5 NTU, an intensity generally associated with what is considered an acceptable level of 
water clarity to the average consumer. The highest values of turbidity ranged between 
157 and 335 NTU in the wet summer month of November. This could be attributed to 
surface run off. 
 
 
Figure 4.11: Turbidity Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
Chemical Oxygen Demand: - Figure 4.12 shows that the concentrations of COD in all 
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Swaziland national surface water quality standard of 10 mg/L (SG, 1999). From the 
figure, the results shows that in the dry winter month of July, the concentrations of 
COD in all the sampling points is very high (SP 1, 3, 5,12, 13, 14 show values of 27, 
80, 35, 30, 70, and 64 mg/L respectively), and  up to 133 mg/L in SP 11. The location 
of SP 11 is after the Swazi paper mills discharge point into the Lusushwana River (SP 
12), the Mnkhinkhomo Dam (SP 13), and 2 km after the confluence of Mnkhinkhomo 
stream and Lusushwana River (SP 14). 
 
 
Figure 4.12: Chemical Oxygen Demand Concentrations along Lusushwana River 
(2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
Hardness: - The concentrations of hardness in the Lusushwana River could not be 
detected from the samples, indicating the concentrations obtained were below the 
detection limits of the analytical method/instrument used. This happened at all the 
sampling points at all sampling occasions. 
 
Anions  
 
Nitrate: - Figure 4.13 shows that generally, the concentrations of nitrate in the 
Lusushwana River were high (between 12 and 111 mg N/L [as nitrogen]), and mostly 
above the Swaziland national surface water quality standards of 10 mg N/L (as 
nitrogen) (SG, 1999). Notably, the control site SP1 recorded the highest nitrate 
concentration (111 mg N/L [as nitrogen]) in November, meaning the Lusushwana River 
is already laden with nitrate before entering the Matsapha industrial estate. Sampling 
points 13 (Mnkhinkhomo dam) and 14 (Lusushwana River 2 km after mixing with 
Mnkhinkhomo Stream) recorded high nitrate concentrations throughout the months. 
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Figure 4.13: Nitrate Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
Nitrite: - The concentrations of nitrite in the Lusushwana River were in all the sampling 
sites and at all the sampling occasions generally, within the Swaziland surface water 
standard of 0.2 - 3 mg N/L (as nitrogen)  range (SG, 1999). 
 
Fluoride: - In all the sampling points and at all the sampling occasions, no fluoride was 
detected, meaning the fluoride levels in the Lusushwana River were below detectable 
levels.   
 
Phosphate: - The concentrations of phosphate in the Lusushwana River were, in most of 
the sampling sites and at all the sampling occasions, above the Swaziland surface water 
quality standard of 2.0 mg/L (SG, 1999). The highest phosphate concentrations are noted 
in SP 11 (8-15 mg/L), SP 12 (5-12 mg/L), SP 13 (10-12 mg/L), and SP 14 (6-14 mg/L) 
(Figure 4.14).  
 
 
Figure 4.14: Phosphate Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
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Cations 
 
Cadmium: - Cadmium concentrations obtained along the Lusushwana River in all the 
sampling points and at all sampling occasions were consistently below the detectable 
limits. 
 
Iron: - Figure 4.15 shows that in some parts of the Lusushwana River, iron occurs in 
higher concentrations than the Swaziland surface water quality standard of 1 mg/L (SG, 
1999). At SP 5 (Matsapha water treatment plant weir) in November, the iron level was 
relatively high (2.21 mg/L). At SP 13 (Mnkhinkhomo dam), the iron level was slightly high 
(ranged between 1.2 -1.3 mg/L) in all the months except in December where it was within 
limit. Likewise in SP 14 (Lusushwana 2 km after mixing with Mnkhinkhomo Stream) the 
iron level was slightly high (ranged between 1.2 -1.4 mg/L) in all the months except in 
December where it was within limit. 
 
 
Figure 4.15: Iron Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
Manganese: - Figure 4.16 shows that in all the sampling points at all the sampling 
occasions, the concentrations of manganese in the Lusushwana River were above the 
Swaziland surface water quality standard of 0.5 mg/L (SG, 1999). The highest 
concentrations were recorded at SP 1 (1.2-6.8 mg/L), SP 3 (1.3-4.6 mg/L), SP 5 (0.9-12.9 
mg/L), SP 11 (0.1-5.6 mg/L), SP 12 (0.1-3.3 mg/L), SP 13 (0.8-8.3 mg/L), and SP 14 (0.7-
7.8 mg/L). It is noted that manganese concentration is high at the control site (SP 1). 
Thus, its sources can also be attributed to companies upstream of the industrial area.  
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Figure 4.16: Manganese Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
Aluminium: - As shown in Figure 4.17 below, aluminium along the Lusushwana River at 
all the sampling occasions occurred in higher concentrations than the Swaziland surface 
water quality standard of 0.2 mg/L (SG, 1999). All the sampling sites recorded 
concentrations higher than the threshold concentration: SP 1 (1.2-6.8 mg/L), SP 3 (0.8-4.5 
mg/L), SP 5 (0.9-12.9 mg/L), SP 11 (0.8-5.6 mg/L), SP 12 (0.9-6.6 mg/L), SP 13 (0.8-7.2 
mg/L), and SP 14 (0.7-7.5 mg/L). It is noted that the concentration of Al is high at the 
control site (SP 1). The control site is in proximity to subsistence agricultural companies 
upstream of the Lusushwana River. Hence, the source of Al can also be attributed to such 
companies that occur upstream of the industrial area.  
 
 
Figure 4.17: Aluminium Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
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Micro-biological Water Quality Analysis 
 
Total coliforms: - Figure 4.18 shows that Total coliform concentrations at the 
Lusushwana River in all the sampling sites and at all the sampling occasions were well 
above the Swaziland surface water quality standard of 10 per 100 mL of water (SG, 
1999). The minimum and maximum ranges were 122-180 in SP1, 100-360 in SP3, 123-
380 in SP 5, 143-380 in SP11, 158-420 in SP12, 163-390 in SP13, and 190-420 in SP14. 
 
 
Figure 4.18: Total coliform Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
Faecal coliforms: - Figure 4.19 shows that Faecal coliforms along the Lusushwana River 
in all the sampling sites and at all the sampling occasions were well above the Swaziland 
national surface water quality standard of 10 per 100 mL of water (SG, 1999). The 
minimum and maximum ranges were 238-520 in SP1, 229-480 in SP3, 255-600 in SP 5, 
151-690 in SP11, 135-620 in SP12, 185-540 in SP13, and 234-680 in SP14. 
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Figure 4.19: Faecal coliform Concentrations along Lusushwana River (2009) 
Source: Analysis of Technical Experiments Data, 2009 
 
4.3.4.4 Results from Biological Assessment 
The biological assessment was based on the identification of macro-invertebrate 
communities and fish species known for their sensitivity or tolerance to pollution, hence 
could be used as indicators of water quality for the Lusushwana River. 
 
Macro-invertebrate Communities: The biotic index was conducted in search of the 
following macro-invertebrate species: 
 Indicator Group I: Damselfly nymphs, and freshwater mussels. This group 
presents macro-invertebrates groups highly sensitive to oxygen depletion pollution.  
 Indicator Group II: Water beetles, water bugs, dragonfly nymphs, hog lice, 
freshwater shrimps, freshwater crabs, freshwater snails; leeches; and flatworms. 
This group presents macro-invertebrates groups moderately sensitive to oxygen 
depletion pollution. 
 Indicator Group III: mosquito larvae hover–fly maggots, and oligochaetes worms. 
This group presents macro-invertebrates groups little sensitive to oxygen depletion 
pollution. 
 
The biological assessment was conducted at SP 1, SP 11, SP 12, and SP 14. No macro-
invertebrates from Indicator Group I were found at these sampling points. Their absence 
could be attributed to several reasons, which include that the Lusushwana is suffering 
from pollution which makes it less conducive for their survival, due their high sensitivity to 
oxygen depletion to pollution. Also, the increase in silt levels in the Lusushwana River 
resulting from sand mining, agricultural practice, and development of the industrial estate 
could impair the metamorphosis of such species. The macro-invertebrates found along 
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the stretch of the Lusushwana River were from Indicator Group II such as water beetles, 
water bugs, dragonfly nymphs, hog lice, leeches, freshwater snails, and freshwater crabs; 
and Indicator Group III such as mosquitoes and mosquito larvae. Macro-invertebrates in 
Indicator Group II and III present water quality dubious to bad. Hence, it could be 
concluded that the Lusushwana River is polluted, and the water quality varies from not 
good to bad.  
 
Fish Species: - During the investigation, fishing was found to be a common practice in 
the Lusushwana River upstream from the Matsapha industrial estate. Common fish 
species along the Lusushwana River are Oreochromis mossambicuss, Clarias gariepinus, 
Barbus marequensis, Microalestes acudiens, and Barbel fish species (Dlamini 2005). 
Along the stretch of the Lusushwana River at the Matsapha industrial estate, fishing only 
took place at and just below the Mnkhinkhomo dam. Personal observation and 
investigations from the fisher-men showed that only Barbel fish species were caught. The 
abundance of fish is affected by chemicals in a river. Some fish species are more tolerant 
than others. Barbel fish species survive in adverse water conditions such as maturation 
ponds of wastewater treatment facilities.  Lack of biodiversity in terms of fish species is an 
indication of high level of contamination which has reached pollution state (Startory and 
Watkins, 1999). Hence, the absence of the fish species commonly found along the River 
led to the conclusion that the quality of the Lusushwana River at the Matsapha industrial 
estate is polluted and thus unfavourable for the survival of less tolerant fish species.  
 
Summary 
Various forms of evidence on pollution in the Lusushwana River have been presented. 
The physical, chemical, bacterial and biological water quality analyses; and the results 
from personal observation indicate anthropogenic water pollution in the Lusushwana 
River. Also, evident from this section is that even before the Lusushwana River reaches 
Matsapha, the water quality does not satisfy Swaziland surface water quality standards, 
as evident from results collected from SP 1. Hence, interventions upstream of Matsapha 
are needed to improve the Lusushwana River water quality, as even if there were no 
polluting discharges at Matsapha, the Lusushwana River at Matsapha would fail to meet 
standards. 
 
4.3.5 Subsidiary Research Question 2 
This section answers the subsidiary research question: What are the stakeholders‘ 
perceived perceptions about water pollution of the Lusushwana River at Matsapha?  
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4.3.5.1 Riparian Communities Downstream of Matsapha Perceived Perceptions about 
Pollution of the Lusushwana River 
Figure 4.20, demonstrates the responses of the riparian communities regarding the most 
pressing or principal environmental issues that concern them. The responses show that a 
majority of the people (98%) are concerned about water-borne diseases followed by 
destruction of fauna (88%), and water pollution (84%). The next on the list is liquid waste 
problem which accounts for about 80% of the problems mentioned. This is followed by 
livelihoods impacts (74%), air pollution (68), soil contamination (68%), solid waste (60%), 
hazardous waste (22%), destruction of flora (21%), destruction of wetlands (8%), and 
occupational diseases and injuries (4%). These figures show that the community seemed 
not to be much concerned about hazardous waste, destruction of flora, destruction of 
wetlands as well as occupational diseases and injuries.  
 
 
Figure 4.20: Environmental Issues of Concern to the Riparian Communities 
Downstream of Matsapha 
Source: Analysis of Survey Data, 2009 
 
Figure 4.21 show the riparian communities‘ water quality perceptions. The respondents 
were asked about the water quality characteristics that can be subjectively evaluated 
through use of their five senses such as temperature, colour, taste, odour and turbidity. 
Water quality characteristics that require quantitative measurement by trained personnel 
in controlled environments such as DO, pH, TDS, EC, heavy metals, and anions were not 
asked. Their responses show that majority (93%) expressed concern about suspended 
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solids followed by issues of faecal matter and odour (79% each). The next are colour and 
turbidity with scores of 72% and 71% respectively. The qualitative data showed that the 
respondents believed that the suspended solids were pulp from the Swazi paper mills and 
the faecal matter and smell came from the Matsapha wastewater treatment plant. Colour 
and turbidity were associated with visibility of dyes from the paper mill, textile wastewater 
treatment plant, and Matsapha wastewater treatment plant. Taste was also significant with 
a score of 55%. Issues of hardness, oil pollution, foam and murkiness were of insignificant 
concerns, yet personal observation by the researcher showed problems with oil spill from 
the garages and industries into the river. Foam and murkiness was also observed to be in 
the river due to effluent from the raw sewage and wastewater treatment plant.  
 
 
Figure 4.21: Water Quality Issues & Concerns Expressed by Riparian Communities 
Downstream of Matsapha 
Source: Analysis of Survey Data, 2009 
 
When asked about whether they think the Lusushwana River is polluted, and whether they 
think the river was fit or not fit for human consumption, (100%) of the riparian communities 
felt the Lusushwana River was polluted and not fit for human consumption. From Figure 
4.22, a majority of the riparian communities (44 %) perceived that the pollution was highly 
increasing while 21% felt that the pollution was just increasing. 27% felt it was decreasing, 
and none (0%) felt it was highly decreasing. 8% saw no change in the pollution pattern. 
From the qualitative data, the respondents cited various signs which showed that that the 
pollution was increasing including the increase in water discoloration, smell, bad taste, 
total suspended matter, leeches, algae bloom, eutrophication, ill-health, dying fish and 
livestock. Those that perceived the pollution as decreasing attributed their perception to 
the suspended operations of the Swazi paper mills. They said that there was no pulp in 
the water and the water was of normal colour. 77 % of the riparian communities felt that 
the pollution was more severe all year round. 19 % felt it was more severe in winter when 
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the water levels are low, while 4% felt it was more severe in the wet summer months. All 
the riparian communities (100%) felt that wastewater should never be discharged into the 
Lusushwana River. The riparian communities when asked of their willingness to 
collaborate with other stakeholders to minimize pollution to the Lusushwana River, all of 
them (100%) said yes. The riparian communities when asked if they agreed that it was 
important to collaborate with other stakeholders in order to effectively minimize pollution, 
100% said they strongly agreed. 
 
 
Figure 4.22: Riparian Communities Downstream of Mustapha’ Perception on 
Lusushwana River Pollution Trend 
Source: Analysis of Survey Data, 2009 
 
4.3.5.2 Proprietors of Companies’ Perceived Perceptions on Pollution of the Lusushwana 
River 
When asked about which pollution issues are of significant concern to them (Figure 4.23), 
all the proprietors (100%) mentioned hazardous waste. This is followed by liquid waste 
(89%); water pollution (86%); water-borne diseases (75%); occupational diseases and 
injuries (73%); air pollution and solid waste problems (73%); destruction of fauna (68%); 
soil contamination (54%); health problems to the riparian communities (50%). Other 
mentioned but of less significant concerns are destruction of flora and livelihood of the 
riparian communities (31%); and destruction of wetlands (27%). With the destruction of 
the livelihood of the riparian communities, a key respondent remarked: „‟we are concerned 
about the effects of the pollution on this community: their health, their jobs as well as their 
social life. If all these are affected, the community will become a problem and threat to our 
industries and staff as well as pose enormous financial burden on us to help them. 
Therefore we will want them (the riparian communities) to have a sustainable livelihood‟‟. 
This remark and the response given about the concern for the riparian communities‘ 
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livelihood is an indication of the proprietors‘ willingness to help address pollution concerns 
in the communities. 
 
When asked about their perception on the water quality of the Lusushwana River, none 
(0%) of the proprietors of companies raised concern on any issue. However, the 
quantitative data showed that (100%) of the proprietors of companies perceived that the 
Lusushwana River is polluted, and was not fit for human consumption. None (0%) of the 
proprietors of companies had an idea on the trends of the pollution, but 100% of the 
respondents felt that wastewater should never be discharged into the Lusushwana River. 
The proprietors of companies when asked of their willingness to collaborate with other 
stakeholders to minimize pollution to the Lusushwana River, all of them (100%) said yes. 
The proprietors of companies when asked if they agreed that it was important to 
collaborate with other stakeholders in order to effectively minimize pollution, 100% said 
they strongly agreed. 
 
 
Figure 4.23: Environmental Issues of Concern to the Proprietors of Companies 
Source: Analysis of Survey Data, 2009 
 
4.3.5.3 Environmental Monitoring Agencies’ Perceived Perceptions on Pollution of the 
Lusushwana River 
When asked about which pollution issues are of significant concerns in the urban area, all 
the environmental monitoring agencies (100%) were concerned about water pollution; air 
pollution; solid, liquid, and hazardous waste; soil contamination; destruction of flora, 
fauna, and wetlands; occupational diseases and injuries; water-borne diseases; health 
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and livelihoods of the riparian communities.  Staff from the environmental monitoring 
agencies was asked about qualitative/subjective water quality issues and concerns of the 
Lusushwana River at Matsapha. The results showed that all the environmental agencies 
(100%) had concerns. The Swaziland Environmental Authority and Water Resource 
Branch shared the same sentiments on turbidity, suspended solids, oil deposits, smell, 
colour, dying fish, faecal matter, eutrophication, and algal bloom. In particular, the 
Matsapha Town Board was concerned about faecal matter, smell, colour, sedimentation 
from development encroachment and sand mining, dying fish, and refuse, oil deposit and 
soaps from car washing businesses. All the environmental monitoring agencies (100%) 
felt that pollution of the Lusushwana River at Matsapha was highly increasing due to the 
massive increase in industrial development. Concern was raised that the wastewater 
treatment plant built about 15 years ago is incapable of treating all the kinds of 
wastewaters discharged; hence the water quality of the Lusushwana River is seriously 
deteriorating.  
 
From the qualitative data, all the monitoring agencies (100%) perceived that the 
Lusushwana River was polluted way before entering the Matsapha urban area. One well 
informed respondent said that recent trends show that the Lusushwana River is polluted 
upstream by the Ezulwini wastewater treatment plant which accepts leachate from the 
Mbabane City Council landfill. The respondent mentioned that the treatment plant is not 
coping with the intensity of the pollutants. All the environmental monitoring agencies 
(100%) felt that the pollution was intense throughout the year but was highly intense in the 
dry winter months due to poor dilution because of the low water levels. The environmental 
monitoring agencies (100%) felt that wastewater should never be discharged into the 
Lusushwana River at the Matsapha industrial estate due to its low water level, which is 
caused by the impoundment and diversion of the Lusushwana River for the Mnkhinkhomo 
dam and potable water treatment plant.  The respondents from the environmental 
monitoring agencies when asked of their willingness to collaborate with other stakeholders 
to minimize pollution to the Lusushwana River, all of them (100%) said yes. The 
respondents from the environmental monitoring agencies when asked if they agreed that it 
was important to collaborate with other stakeholders in order to effectively minimize 
pollution, 100% said they strongly agreed  
 
4.3.5.4 Key Informant Interviewee’ Perceived Perceptions on Pollution of the Lusushwana 
River 
Table 4.5 shows a list of water quality issues and concerns raised by the key informant 
interviewees, which were verified by field visits and personal observation. The water 
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quality issues raised include high concentrations of colour, total suspended solids, total 
dissolved salts, COD, phenols, microbial pollution, nutrient enrichment, organic and 
inorganic pollution, and oil. One key informant interviewee said that for many years, the 
pollution was neither decreasing or increasing as only the paper mill was known to pollute. 
But recently, the pollution is highly increasing as the Matsapha wastewater treatment plant 
has reached its design life, and is releasing environmentally significant pollutant into the 
Lusushwana River. Another key informant interviewee said that the wastewater treatment 
plant was a donation from one of the donor agencies to the Ministry of Enterprise and 
Employment. When the wastewater treatment plant was planned for, the Swaziland Water 
Services Corporation was not involved, and was only handed the facility to use after its 
completion. The interviewee mentioned that as such, industrial wastewater was not 
properly considered, for a biological system is not effective for treating industrial effluent. 
The key informant interviewee remarked that: “I cannot be comfortable to wash, drink or 
even cross the Lusushwana River. The water flow and volume is too low to dilute the 
pollution and the river is just sewer”.   
 
The quantitative data show that some key informant interviewees felt that the Matsapha 
wastewater treatment plant and paper mill are the major polluters of the Lusushwana 
River and should discharge their wastewaters below the Matsapha industrial estate at the 
confluence of the Lusushwana and Usuthu River to take advantage of the high water flow 
which can promote the dilution of their wastes. Other key informant interviewees felt that 
the wastewater should not be discharged into the Lusushwana River as it was bad 
practice and companies need to adopt waste minimization and wastewater re-use 
strategies. Other key informant interviewees felt that the industrial wastewater discharges 
at Matsapha should be centralized, monitored, and treated effectively before being 
discharged. Other key informant interviewees felt that wastewater in Swaziland as a low 
income country should not be discharged into rivers as majority of its population is rural 
and do not have access into improved water supplies and still uses rivers instead. 
 
Table 4.5: List of Water Quality Issues and Concerns Expressed by Key Informant 
Interviewees in the Study Area 
DESCRIPTION OF THE ISSUE 
OR CONCERN 
INFORMATION SOURCE COMMENTS 
Metal pollution resulting from 
hazardous waste discharged 
from Matsapha landfill site 
Environmental monitoring 
agencies, other institutions 
Researcher‘s surveys confirmed concerns 
about the solid waste landfill  also accepting 
hazardous waste and of landfill close 
location to surface water 
Microbial pollution, nutrient 
enrichment,  high COD, and 
metals discharged from 
Matsapha wastewater treatment 
plant 
Environmental monitoring 
agencies, riparian 
communities, other 
institutions 
Researcher‘s surveys confirmed concerns 
about overloading and inefficiency of 
stabilization ponds 
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DESCRIPTION OF THE ISSUE 
OR CONCERN 
INFORMATION SOURCE COMMENTS 
COD, suspended solids, 
coloured water, possible heavy 
metals from dyes, and phenol 
Environmental monitoring 
agencies, riparian 
communities, other 
institutions 
Researcher‘s surveys confirmed concerns 
about visibly coloured water discharged by 
textile, paper, dairy, and beverage 
industries into sewer line, storm water 
drains and Lusushwana River 
Hydrocarbon pollution from used 
engines oil dumped into storm 
water drains by petrochemical 
and automotive industries 
Environmental monitoring 
agencies, riparian 
communities, proprietors 
Researcher‘s surveys confirmed concerns 
about petroleum industries, informal 
mechanics, and some garages discharging 
oil into storm water drains or environment 
Microbial pollution from highly 
density populated peri-urban 
areas due to the degree of poor 
sanitation services 
Environmental monitoring 
agencies, riparian 
communities, other 
institutions, proprietors 
Researcher‘s surveys confirmed generally 
the poor or lack of sanitation facilities in the 
rural and peri-urban communities along the 
Lusushwana River  
Nutrient enrichment from nearby 
agricultural companies 
Environmental monitoring 
agencies, other institutions 
Researcher‘s surveys confirmed concern 
about lack of irrigation water return 
mitigation measures by sugar cane, rice, 
and vegetable plantations along  
Lusushwana River at Matsapha 
Pesticides and herbicides 
pollution from nearby agricultural 
companies 
Environmental monitoring 
agencies, other 
institutions, proprietors 
Researcher‘s surveys confirmed concern 
about lack of irrigation water return 
mitigation measures by sugar cane, rice, 
and vegetable plantations along  
Lusushwana River at Matsapha 
Concern about salinity resulting 
from irrigation return flows 
Environmental monitoring 
agencies, other institutions 
Researcher‘s surveys confirmed concern 
about lack of irrigation water return 
mitigation measures by sugar cane, rice, 
and vegetable plantations along  
Lusushwana River at Matsapha 
Concern about phenols, COD, 
and oil discharges by industries 
which results into fish kill 
Environmental monitoring 
agencies, riparian 
communities, other 
institutions, proprietors 
Researcher‘s surveys confirmed that 
stakeholders have a concern with Swazi 
paper mills discharging pollutants that result 
in dying fish at the Lusushwana River 
Concern about aquatic weed, 
invasive plant species, 
eutrophication and algae bloom 
Environmental monitoring 
agencies, riparian 
communities 
Researcher‘s surveys confirmed that river is 
excessively overgrown, and there is algal 
bloom 
Concern about excessive sand 
mining resulting into siltation and 
deepening of the river 
Environmental monitoring 
agencies, riparian 
communities 
Researcher‘s surveys confirmed 
commercial sand mining by various 
companies at various points of the river 
Concern about livestock 
trampling resulting into siltation, 
nutrient enrichment and faecal 
contamination 
Environmental monitoring 
agencies, other institutions 
Researcher‘s surveys confirmed livestock 
drinking and crossing the river 
Concern about increased 
turbidity and sedimentation 
resulting from water 
impoundment and diversion 
Environmental monitoring 
agencies,  
Researcher‘s surveys confirmed water 
impoundment and diversion for hydro power 
generation, potable water supply, and 
recreation ponds  
Concern about low water flow 
and poor dilution due to 
impoundment and diversion 
Environmental monitoring 
agencies  
Researcher‘s surveys confirmed reduced 
water flow and poor dilution due to 
impoundment and diversion of river  
Concern about leeches Riparian communities Researcher‘s surveys confirmed leeches 
infestation downstream 
Concern about dying fish, 
livestock and birds 
Environmental monitoring 
agencies, riparian 
communities, other 
institutions, proprietors 
Confirmed by literature 
Source: Analysis of Survey Data, 2009 
 
Summary 
The perspectives of different groups of stakeholders have been presented, and these 
show that all groups recognise that the Lusushwana River is polluted. The stakeholders‘ 
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perspectives are confirmed by the results from the technical experiments and the 
researcher‘s personal observation in Section 4.3.4.  
 
4.3.6 Subsidiary Research Question 3  
This section addresses the subsidiary research question: What are the anthropogenic 
sources of pollution and their pathways to the Lusushwana River at Matsapha? The 
purpose of this section is to present the anthropogenic pollution sources to the 
Lusushwana River as perceived by the stakeholders as well as by direct personal 
observations by the researcher. Also,  this section present the results on the routes (by 
discharge) taken by the wastewaters generated by the companies (by type) to the final 
disposal points. This is done with the view to identify the pollution pathways (direct or 
indirect) taken by the main pollutants in the study area as this could help to identify the 
polluters; and hence lead to identification of appropriate and effective pollution control 
actions to be taken and increase the ability to meet environmental compliance standards.   
 
4.3.6.1 Anthropogenic Sources of Pollution Cited by the Riparian Communities Downstream 
of Matsapha  
In the view of the riparian communities from Figure 4.24, the industries and Matsapha 
wastewater treatment plant are the major point sources of pollution to the Lusushwana 
River (i.e. 96% and 82% respectively) followed by the sewer line (68%) and tributaries of 
the Lusushwana River (28%). These operations could be well known by the respondents 
to discharge wastewaters directly into the Lusushwana River due to negative publicity by 
the media, scoping meetings and also by observation. The respondents identified non 
point sources of pollution to the Lusushwana River as water runoff (45%), irrigation water 
return (43%), and storm water drains (41%). The Matsapha landfill was not regarded as a 
source of pollution to the Lusushwana River. This could be attributed to that the 
respondent may be ignorant that the waste putrefy and discharge leachate which is laden 
with environmentally significant pollutants. The qualitative results showed that the riparian 
communities were also concerned about pollution that may be caused by dumping of 
waste such as faecal matter from nappies, open defaecation, washing detergents, dead 
animal bodies (e.g. pets, dead bodies of drowned people), car washing, oil and grease. 
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Figure 4.24: Anthropogenic Sources of Pollution Cited by the Riparian communities 
Downstream of Matsapha 
Source: Analysis of Survey Data, 2009 
 
4.3.6.2 Anthropogenic Sources of Pollution Cited by the Proprietors of Companies 
When asked what the sources of pollution to the Lusushwana River are, the proprietors‘ 
responses presented in Figure 4.25 are as follows: 96% mentioned the industries, while 
92% think of the wastewater treatment plant as a pollution source. 85% mention storm 
water drains and the sewer lines as pollution sources. While 81% mention runoff as 
pollution source, 50% mention irrigation water return as pollution source. Only 39%, 31% 
and 19% mention Lusushwana River tributaries, faecal matter from peri-urban areas, 
landfill pollution sources respectively.  
 
 
Figure 4.25: Anthropogenic Sources of Pollution Cited by the Proprietors of 
Companies 
Source: Analysis of Survey Data, 2009 
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4.3.6.3 Anthropogenic Sources of Pollution Cited by the Environmental Monitoring Agencies 
When the staff from the environmental monitoring agencies were interviewed, they all 
(100%) attributed the pollution sources to the Lusushwana River to both point and non-
point sources including storm water drains, irrigation water returns, wastewater treatment 
plant, landfill leachate pond, water runoff, the sewer line, tributaries, and industries. 
Qualitative data shows that the monitoring agencies mentioned indiscriminate dumping of 
waste by companies and individuals as another pollution source to the Lusushwana River.  
The qualitative data showed that the environmental monitoring agencies were also 
concerned about various polluting businesses taking place at the banks of the 
Lusushwana River (such as car washing and sand mining) and structures encroaching to 
the Lusushwana River (such as feed lots, construction sites and pit latrines). 
 
4.3.6.4 Anthropogenic Sources of Pollution Cited by the Key Informant Interviewees 
Responses from the qualitative interview from the experts who were key informants 
agreed with some of the views expressed by the riparian communities, proprietors of 
activities and environmental monitoring agencies in terms of point source pollution from 
industries, sewer line, tributaries, and wastewater treatment plant, but differed on the 
landfill, which was not regarded as a polluter. On the other hand, non-point pollution was 
attributed to water runoff, irrigation water return, and storm water drains.  The key 
interviewees perceived that the wastewater treatment plant and its sewer line, paper mill, 
irrigation water return, water runoff and storm water drains are the major point and non 
point sources of pollution to the Lusushwana River. They however differed in view 
regarding pollution from storm water drain and irrigation water return. Some stated that 
pollution from these sources is very high at Matsapha because of illegal discharges of oil 
into storm water drains and irrigation water return from the surrounding agricultural farms. 
They added that tributaries are also a major pollution source due to poor insanitary 
practices from the peri-urban areas, and rural communities along them. Also, the 
interviewees added that the Lusushwana River is polluted upstream by the Ezulwini 
wastewater treatment plant (biofilters) commissioned in 2005. One well informed key 
informant interviewee made the comment that “the biofilters are not functioning well so 
much that you can pick the odour from the Mbabane/Manzini highway. The digester 
sludge is not picked up to the landfill and is disposed off in an insanitary matter. To make 
matters worse, the biofilters now accept untreated leachate from the Mbabane City 
Council landfill, and the system is totally overloaded, and is releasing pollutants into the 
Lusushwana River”.  
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4.3.6.5 Personal Observation Regarding Anthropogenic Sources of Pollution  
The sources of anthropogenic pollution observed could be classified into point and non-
point sources. Personal observations in the field confirmed this trend of pollutants 
described by the interviewees. Additionally, the researcher noted the potential of 
instantaneous sources of pollution in the industrial estate. Following is a discussion on the 
3 forms of pollution sources identified at Matsapha. 
 
Point Sources of Anthropogenic Pollution: - The point sources of anthropogenic 
pollution into the Lusushwana River were defined as those that discharge wastewaters 
directly into the river or its tributaries and included the Matsapha wastewater treatment 
plant, sewer line (including booster pumps, retention tank and man holes), and the Swazi 
paper mills. Photo 4.7 and Photo 4.8 shows the sewer line manhole and the sewer line 
booster pump (respectively) discharging untreated effluent, which is meant to be 
discharged into the Matsapha wastewater treatment plant discharged into the 
Lusushwana River. Photo 4.9 show the booster pump retention tank fitted with a pipe 
which acts as an overflow that discharges into the Lusushwana River. Photos 4.10 (a) and 
(b) show the wastewater treatment plant discharging effluent into the Mnkhinkhomo 
Stream for onward discharge into the Lusushwana River. Photo 4.11 shows the 
Mnkhinkhomo Stream discharging dark foamy effluent into the Lusushwana River. Photo 
4.12 shows the Tubungu Stream discharging dark foamy effluent into the Lusushwana 
River. Photo 4.13 shows the Swazi paper mills‘ effluent discharge pathway into the 
Lusushwana River.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 4.7: Manhole Discharging Wastewater into Lusushwana River (length of man 
hole ~3m) 
Source: Researcher’s Field Work, 2009 
Man Hole 
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Photo 4.8: Sewer Line Booster Pump Discharging Effluent into Lusushwana River 
(main flow in centre of photo) 
Source: Researcher’s Field Work, 2009 
 
 
Photo 4.9: Booster pump retention tank fitted with a pipe which discharges effluent 
into Lusushwana River (blue pipe diameter ~ 0.5m) 
Source: Researcher’s Field Work, 2009 
 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 4:  Results & Analysis of Data                189 
 
Photo 4.10 (a): Final Wastewater effluent flowing from wastewater treatment plant 
for discharge into Mnkhinkhomo Stream then Lusushwana River (channel width ~ 
2m) 
Source: Researcher’s Field Work, 2009 
 
 
Photo 4.10 (b): Wastewater treatment plant discharging effluent into Mnkhinkhomo 
Stream then Lusushwana River (channel width ~ 2m) 
Source: Researcher’s Field Work, 2009 
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Photo 4.11: Mnkhinkhomo Stream Discharging Dark-foamy Effluent into 
Lusushwana River 
Source: Researcher’s Field Work, 2009 (width of river ~ 6m) 
 
Photo 4.12: Tubungu Stream discharging dark foamy water into Lusushwana River 
(channel width ~ 4m) 
Source: Researcher’s Field Work, 2009 
Mnkhinkhomo Stream 
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Photo 4.13: Swazi Paper Mills Discharge Route into Lusushwana River 
Source: Adapted from Google Maps for the Researcher’s Field Work, 2009 
 
Non-point Sources of Anthropogenic Pollution: - The non-point sources of 
anthropogenic pollution into the Lusushwana River include storm water drains; urban, 
peri-urban and rural run off; and irrigation water return. Oil, chemicals, and wastewaters 
from garages, manholes, petrochemicals and some manufacturing industries deemed 
hazardous were supposed to be collected and treated separately were discharged into 
storm water drains and the environment (Photo 4.14, and 4.15). Photos 4.16 (a) and (b) 
shows a manhole cleared and contents discharged into the storm water drain. Photo 4.17 
shows a transformer discarded by an electric company leaking onto the environment. 
Photo 4.18 shows the storm water drain discharging foamy effluent into the Lusushwana 
River. 
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Photo 4.14: Oil Discharge from a Food Manufacturing Industry into Storm Water 
Drain 
Source: Researcher’s Field Work, 2009 (channel width ~ 1.5m) 
 
 
Photo 4.15: Oil Drums from a petrochemical industry emptied into storm water 
drain (length of drums ~ 2m) 
Source: Researcher’s Field Work, 2009 
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Photo 4.16 (a): Blocked Manhole Cleared with a Jetta Machine  (opening width ~ 
1.5m) 
Source: Researcher’s Field Work, 2009 
 
 
Photo 4.16 (b): Jetta Machine emptying cleared manhole contents into storm water 
drain (channel width ~ 1.5m) 
Source: Researcher’s Field Work, 2009 
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Photo 4.17: Transformer Leaking its Contents into the Environment (length of 
transformer 1.5m) 
Source: Researcher’s Field Work, 2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 4.18: Storm Water Drain Discharging Foamy Effluent into Lusushwana River 
(channel width ~ 4m) 
Source: Researcher’s Field Work, 2009 
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Instantaneous Sources of Anthropogenic Pollution: - From personal observation, a 
major threat of instantaneous pollution at Matsapha are tankers used to transport 
petroleum from the Republic of South Africa to the depots at Matsapha. The tankers 
cannot be unloaded at the same time or even on the same day, and are left parked along 
the King Sobhuza II Avenue Road which is the Central Business District (CBD) of the 
town until they can be unloaded (Photo 4.19). Considering the sizes of the tankers, they 
create long queues and obstruct view by other motorists. Also, there are speed humps 
established along the stretch of the road, and the markings had faded drastically that they 
fail to alert motorists from a distance of their existence. This scenario was observed to 
pose a major spillage; fire and explosion hazard in case an accident would occur. Water 
contamination by hydrocarbons was not excluded in the sense that the spilled 
petrochemicals would find their way into the storm water drains and end up in the 
Lusushwana River. Worse, upon inspection, it was revealed that some of the petroleum 
industries do not have spillage containment facilities within close proximity to respond to 
such accidental spills as their emergency response teams are based in the Republic of 
South Africa.  
 
 
Photo 4.19: Petroleum Tankers Parked along King Sobhuza II Avenue Road at 
Matsapha (length of tanker ~ 6m) 
Source: Researcher’s Field Work, 2009 
 
In sum, the sources and types of pollution at Matsapha can be categorised as follows: 
 Industries that discharge their effluent raw or partially treated into the Lusushwana 
River;  
 Industries that discharge their wastewater effluent either raw or partially treated, to 
the Matsapha wastewater treatment plant;  
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 The landfill leachate pond which discharges leachate into the wastewater 
treatment plant when full;  
  The Matsapha wastewater treatment plant comprising both industrial and 
domestic wastewater; 
 Urban, peri-urban and rural storm water drains;  
 Urban, peri-urban and rural water run-off; 
 Irrigation water return; 
 Tributaries to the Lusushwana River; and  
 Indiscriminate dumping of all forms of waste (solid, liquid, hazardous) into the 
Lusushwana River by the urban, peri-urban, and rural communities. 
 
Figure 4.26 below, which was drawn, based on the above-mentioned facts, shows 
(schematically) the point, non-point, and instantaneous sources of pollution to the 
Lusushwana River.  
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Figure 4.26: Point & Non-Point Sources of Pollution at Matsapha 
Source: Developed by the Researcher for this Study, 2009 
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4.3.6.6 Pollution Pathways to the Lusushwana River 
The cross-tabulation in Table 4.9 details the statistics of the disposal routes the 
companies use to dispose of their wastes. The cross-tabulation reveals that the paper 
manufacturing industry, sewer line booster pump, and wastewater treatment companies 
(3) discharge directly into the Lusushwana River. 18 companies discharge their final 
wastes into the Matsapha wastewater treatment plant through the sewer line: These 
include 5 mechanic companies; 2 each of beverage, textile, and abattoir companies; and 
1 each of sweets manufacturing, dairy, paper manufacturing, landfill, and pharmaceutical 
companies. 2 companies involving 1 mechanic and 1 paint manufacturing companies 
discharge into septic tank which are eventually emptied into the wastewater treatment 
plant. This implies that the overwhelming majority of the companies (18 out of 27) 
discharge indirectly into the Lusushwana River through the Matsapha wastewater 
treatment plant. Also, all the 4 petroleum companies ultimately discharge indirectly into 
the Lusushwana River through the storm water drain. All these indirect discharges from 
the 22 companies (See the green coloured totals from Table 4.5 below) together with the 
3 direct discharges from the paper, wastewater treatment plant, and sewer line booster 
pump (See the purple coloured totals from Table 4.5 below) into the Lusushwana River 
highlight the pollution load into the Lusushwana River.  
 
Only 2 companies comprising 1 beverage and 1 cooking oil industries reuse their waste 
on site. Considering the proximity of these 2 companies (beverage and oil industries) to 
the Lusushwana River, the possibilities of their wastewater being also discharged 
indirectly into the Lusushwana River through storm water drains and surface run off 
cannot be ruled out. Inference from the results shows that depending on the 
nature/characteristics of the pollutants, the indirect and direct discharge routes into the 
Lusushwana River could cause serious pollution to the river, on which the health and 
livelihoods of the riparian communities downstream so much depends.  
 
Table 4.6: Cross-tabulation of Nature of Operation and Routes to Disposal 
Nature of  
Operation 
Routes to Disposal Total 
Sewer line/ 
wastewater 
treatment plant 
Lusush
wana 
River 
Storm 
water 
drain 
Septic 
tank  
Wastewater 
treatment 
plant 
Re-
used 
Petroleum 0 0 4 0 0 0 4 
Mechanics 5 0 0 1 0 0 6 
Beverage 2 0 0 0 0 1 3 
Textile 2 0 0 0 0 0 2 
Paint Manufacturer 0 0 0 1 0 0 1 
Sweets Manufacturer 1 0 0 0 0 0 1 
Dairy 1 0 0 0 0 0 1 
Meat Abattoir 2 0 0 0 0 0 2 
Paper Manufacturing 1 1 0 0 0 0 2 
Cooking Oil 0 0 0 0 0 1 1 
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Nature of  
Operation 
Routes to Disposal Total 
Sewer line/ 
wastewater 
treatment plant 
Lusush
wana 
River 
Storm 
water 
drain 
Septic 
tank  
Wastewater 
treatment 
plant 
Re-
used 
Pharmaceutical 1 0 0 0 0 0 1 
Wastewater treatment 
plant 
0 1 0 0 0 0 1 
Landfill leachate pond 0 0 0 0 1 0 1 
Sewer line booster 
pump 
0 1 0 0 0 0 1 
Total 15 3 4 2 1 2 27 
Source: Analysis of Survey Data, 2009 
 
Table 4.10 combines the results from Tables 4.8 and 4.9 above in order to highlight 
proper and improper discharges after treatment. The cross-tabulation in Table 4.10 shows 
that, in terms of discharge after full treatment, there is one post-treatment discharge into 
the sewer line/wastewater treatment plant, one post-treatment discharge directly into the 
Lusushwana River, and two examples of post-treatment re-use. After pre-treatment, there 
are 4 discharges into the sewer line/wastewater treatment plant and 1 discharge directly 
into the Lusushwana River. Post-oil separator discharges consist of 5 discharges into the 
sewer line/wastewater treatment plant, and 4 discharges into the storm water drain. After 
the sludge settlement tank treatment, there is 1 discharge into the sewer line/wastewater 
treatment plant. As far as the untreated wastes are concerned, 1 discharge is made into 
the Lusushwana River, 4 discharges are made into the sewer line/wastewater treatment 
plant, and 2 discharges are made into the septic tank and soak-away pits; all of which 
eventually ends in the Lusushwana River. Thus in all, the sewer line/wastewater treatment 
plant receives most of the wastes (15 wastewater streams in all), followed by the storm 
water drain with a total of 4 discharges, Lusushwana river with a total of 3 discharges, 
septic tank, and reuse with 2 discharges each. The wastewater treatment plant has the 
least number of direct discharges (only 1). 
 
Table 4.7: Cross-tabulation between the Treatment Types and Discharge Routes 
Routes to Disposal Wastewater Treatment Facilities & Types Total 
Conventional 
Facility or 
Stabilization 
Ponds 
Pre-
treatment 
Facility 
Oil 
Separator 
Pit 
Sludge 
Settlement 
Tank 
N/A 
Sewer line then wastewater 
treatment plant 
1 4 5 1 4 15 
Lusushwana River 1 1 0 0 1 3 
Storm water drain 0 0 4 0 0 4 
Septic tank  0 0 0 0 2 2 
Wastewater treatment plant 0 0 0 0 1 1 
Re-used 2 0 0 0 0 2 
Total 4 5 9 1 7 27 
***N/A, refers to companies which receive no form of treatment before disposal 
Source: Analysis of Survey Data, 2009 
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Summary 
Field work confirms the various stakeholder perceptions that the principal sources of 
pollution of the Lusushwana River at Matsapha come from activities at the Matsapha 
industrial estate. Observation agrees with the stakeholder perceptions that point sources 
of pollution of the Lusushwana River are the Matsapha wastewater treatment plant, sewer 
line, and the Swazi paper mills. The quantities and qualities of the wastewaters 
discharged by these activities are to be further explored in subsidiary research question 4.  
The pollutants at the Matsapha industrial estate have both direct and indirect pathways to 
the Lusushwana River, and are illustrated schematically in Figure 4.36 below. Evident 
from Figure 4.36 is that similar industries (i.e. food and beverage manufactures, 
mechanical garages, and petroleum industries) generally adopt similar disposal routes 
and may have both direct and indirect pollution pathways.  
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 4:  Results & Analysis of Data                201 
 
Figure 4.27: Pollution Flows from the Matsapha Industrial Estate into the Lusushwana River at Matsapha 
Source: Developed by the Researcher for this Study, 2009 
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4.3.7 Subsidiary Research Question 4  
This section answers the subsidiary research question: What are the characteristics 
(quality) and quantities (scale) of the wastewaters discharged directly into the 
Lusushwana River; what treatments do the wastewaters receive prior to disposal, and 
why; and how effective are the treatments? 
 
4.3.7.1 Characteristics (quality) and Quantities (scale) of the Wastewaters Discharged into 
the Lusushwana River  
In order to establish the characteristics and quantities of the wastewaters discharged into 
the Lusushwana River, the researcher aimed at analysing common parameters between 
the Swaziland surface water, and the wastewater and industrial effluent quality standards 
(SG, 1967:1999). Both observation and experimental results are presented below.  
  
4.3.7.1.1 Matsapha Wastewater Treatment Plant 
 
Observation 
The Matsapha wastewater treatment process constitutes 18 ponds, with the first twelve 
divided into 3 streams of treatment. Each of the streams has 2 anaerobic ponds in 
parallel, 2 facultative (aerobic ponds) in series, and then 2 maturation ponds connected in 
series. These streams then collectively connect to the last 6 which make up the 
maturation ponds (Appendix 4.1). The effluent volume discharged from the wastewater 
treatment plant is 1,356,048 m3/yr (Dlamini, Personal Communication; Fakudze, Personal 
Communication). The wastewater retension period is about 4 to 6 days. During the 
investigation, it was observed that the final series of the ponds exhibited dark foamy 
wastewater flowing from one pond to the other. The very last 2 ponds were observed to 
exhibit high levels of eutrophication (Photo 4. 20) and green algal bloom (Photo 4. 21), 
which was not expected at this stage, as it is an indication that the wastewater at this point 
in treatment still contains a large amount of plant nutrients such as phosphate and nitrate. 
This then raised concerns on the efficiency of the system in reducing the concentrations of 
the pollutants to acceptable levels, which necessitated that some samples be taken at the 
influent point and also at the effluent point to assess if the system is effectively functional. 
Babel fish species were observed in the maturation. Babel fish species are known to be 
highly tolerant to pollution and survive even in cesspools. 
 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 4:  Results & Analysis of Data                203 
 
Photo 4.20: Eutrophication at the maturation ponds of the Matsapha wastewater 
treatment plant (pond  
width ~50m) 
Source: Researcher’s Field Work, 2009 
 
 
Photo 4.21: Algal Bloom at the maturation ponds of the Matsapha wastewater 
treatment plant (pond  
width ~50m) 
Source: Researcher’s Field Work, 2009 
 
Experimental Results 
This subsection presents the results from the technical experiments from the Matsapha 
wastewater treatment plant. As already discussed above, the Swaziland Water Services 
Corporation adopted the use of stabilization ponds for the treatment of wastewater in 
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Matsapha. As the water flows from pond to pond, there are physical, chemical, and 
biological activities that result in the treatment of the wastewater. This type of treatment is 
based on retention time i.e., the efficiency of the treatment process is determined by the 
amount of time the wastewater spends in each pond. With the increased rate of inflow of 
wastewater due to the growth of the source of wastewater, the retention time has been 
greatly reduced (to about 4-6 days), thus reduced efficiency of the treatment facility has 
been observed in Matsapha. The results of the wastewater analysis are presented in the 
figures that follow. The figures show the relative concentrations of parameters between 
the influent and effluent points. The influent and effluent data are for different samples. 
Effluent flows had entered a few days ealier.   
 
Temperature: - In all the sampling occasions, the temperature in both the influent and 
effluent were within the Swaziland effluent standard of 35°C (SG, 1999). Both the influent 
and effluent temperatures ranged between 21 and 25 °C.  
 
Colour: In all the sampling occasions, colour in both sampling sites was above the 
Swaziland effluent standard of 20 mg/L (SG, 1999).  The concentration of colour in the 
influent was between 575 and 1530 mg/L and in the effluent was between 838 and 1340 
mg/L (Figure 4.27). 
 
 
Figure 4.28: Colour Concentrations at SP 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
pH: -  In all the sampling occasions, the pH in both sampling sites were within the 
minimum and maximum standard of 5.5 and 9.5 pH units respectively (SG, 1999).  The 
influent pH ranged between 7 and 7.8 pH units, and the effluent was between 8 and 8.6 
pH units.   
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EC: - From Figure 4.28, EC concentration in all the sampling occasions and in both sites 
was above the Swaziland effluent standard of 250 mS/m (SG, 1999).  The influent EC 
concentration was between 1823 and 2048 mS/m and between 900 and 1560 mS/m for 
the effluent.  
 
 
Figure 4.29: Electrical Conductivity Concentrations at SP 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
Turbidity: - As shown on Figure 4.29, turbidity during all sampling events at all locations 
along the Lusushwana River has been consistently well above the Swaziland effluent 
standard of 25 NTU (TPTC, 2008). In the influent turbidity ranged between 102 and 430 
NTU and between 194 to 202 NTU in the effluent.  
 
 
 Figure 4.30: Turbidity Concentrations at SP 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
COD: - Figure 4.30 shows that COD values at all sampling occasions were very high 
at both the influent point (ranges between 186-550 mg/L) and effluent point (ranges 
between 98-399 mg/L), which were above the Swaziland effluent standard of 75 mg/L 
(SG, 1999). It is noted that the COD values are very high in the dry winter months 
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(July, August, September, and October) and decrease in the wet summer months 
(November and December), which could be attributed to dilution from the rain, or that 
some industries reduce productivity and/or close for the festive season around 
November and December. 
 
 
Figure 4.31: COD Concentrations at Sampling Points 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
Nitrate: - The results from Figure 4.31, shows nitrate concentrations to be well above the 
Republic of South Africa wastewater standard of 1.5 mg/L (DWAF, 2004). The ranges 
were between 53 - 156 mg/L in the influent and 99 – 175 mg/L in the effluent. 
 
 
Figure 4.32: Nitrate Concentrations at Sampling Points 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
Fluoride: Fluoride with a standard of 1.0 mg/L (SG, 1999) was not detected at either 
sampling point on any sampling occasions, indicating that the anion concentration at the 
influent and effluent are negligible. 
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Phosphate: - Figure 4.32 shows phosphate concentrations at all sampling points and 
sampling occasions, which were well above the Swaziland effluent standard of 2.0 mg/L 
(SG, 1999). Phosphate recorded highest levels of 140-250 mg/L at the influent and 20-80 
mg/L at the effluent. 
 
 
Figure 4.33: Phosphate Concentrations at Sampling Points 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
Iron: - The results from Figure 4.33 show iron concentrations in both the influent and 
effluents at all sampling occasions to be well above the Republic of South Africa 
wastewater standard of 0.3 mg/L (DWAF, 2004). In the influent, iron concentrations 
ranged between 0.8-2.5 mg/L, and between 0.6 and 1.7 mg/L in the effluent. 
 
 
Figure 4.34: Iron Concentrations at Sampling Points 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
Cadmium: - The concentration of cadmium at both sites at all sampling occasions was 
recorded to be less than the Swaziland effluent standard of 0.05 mg/L (SG, 1999), 
indicating that the element concentrations at the influent and effluent points are within 
limits. 
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Manganese: - The results from Figure 4.34 show manganese concentrations to be well 
above the Republic of South Africa wastewater standard of 0.1 mg/L (DWAF, 2004). In the 
influent, the manganese concentrations ranged between 1.4 and 9.8 mg/L, and mg/L in 
the effluent the ranges were between 3 and 8 mg/L. 
 
 
Figure 4.35: Manganese Concentrations at Sampling Points 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
Faecal coliforms: Figure 4.35 shows that Faecal coliforms are very high at both the 
influent point (ranges between 564-1360 per 100 mL) and effluent point (ranges between 
193-700 per 100 mL). This is above the Swaziland wastewater quality standard of 10 per 
100 mL (SG, 1999). 
 
 
Figure 4.36: Faecal coliform Concentrations at Sampling Points 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
Total coliforms: Figure 4.36 shows that Total coliforms are very high at both the influent 
point (ranges between 1031-1590 per 100 mL) and effluent point (ranges between 109-
544 per 100 mL). This is above the Swaziland wastewater quality standard of 10 per 100 
mL (SG, 1999). 
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Figure 4.37: Total coliform Concentrations at Sampling Points 8 and 9 (2009) 
Source: Source: Analysis of Technical Experiments Data, 2009 
 
4.3.7.1.2 Sewer Line  
 
Observation  
Personal observation revealed that there were several points of spillages from the sewer 
line, and that flows from these leaks ultimately entered the Lusushwana River. In 
particular, the sewer line booster pump and sewage retention tank between Conco and 
Texray water and wastewater treatment plant; booster pump next to Bromor foods; 
manholes at Kasipho block yard, and below Emagevini flats. These are particular point 
sources where visible overflow of untreated wastewater containing raw sewage (that is 
otherwise meant to be pumped into the Matsapha wastewater treatment plant) flowed into 
the Lusushwana River most of the time during the investigation. Photos 4.13 and 4.14 
show that the area below the booster pump near Bromor and between Conco and Texray 
were excessively overgrown indicating signs of excessive nutrient enrichment. The area 
below the booster pump and retention tank between Conco and Texray was swampy and 
full of reed, hence micro-invertebrates, fish, and fishing were observed immediately below 
this point (at SP 13 which is the Mnkhinkhomo Dam). The presence of aquatic organisms 
immediately below the pollution source could be attributed to the reed and swampy nature 
of this part of the river which could be promoting natural filtration and purification of the 
pollutants. Also, once the pollutants reach the river, there is obviously high dilution and 
aeration due to the immediate impoundment at the Mnkhinkhomo Dam.  
 
Experimental Results 
Considering that the wastewater from this source contained raw/untreated sewage which 
could be highly infectious, a snap shot or cross-sectional test instead of longitudinal 
sampling and analysis was undertaken at the booster pump between Conco and Texray. 
In addition longitudinal sampling and analysis was not considered at this point source 
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because the wastewater was expected to be of the same characteristics as the 
wastewater treatment plant influent one (SP 9). The results presented in Table 4.6 below 
showed that fluoride and cadmium were not detected. All the other parameter with the 
exception of temperature and pH which were within the Swaziland industrial effluent 
standard of 35°C and 5.5 and 9.5 pH units respectively, were considerably above the 
respective standards (SG, 1999; Government Gazette, 1984). 
 
Table 4.8: Sewer Line Booster Pump Effluent Composition & Relative 
Concentrations 
SEWER LINE 
BOOSTER PUMP 
EFFLUENT 
COMPOSITION 
SEWER LINE BOOSTER 
PUMP EFFLUENT RELATIVE 
CONCENTRATION 
SWAZILAND OR DWAF* 
WASTEWATER 
STANDARD 
COMMENT 
Temperature 25 °C 35°C Within limit 
EC 1700 ms/m 250 ms/m Above limit 
COD 560 mg O2/L 75 mgO2/L Above limit 
Colour 1300 mg/L 20 mg/L Pt/Co Scale Above limit 
pH 7.8 pH units 5.5 and 9.5 pH units Within limit 
Turbidity 400 NTU 25 NTU Above limit 
Nitrate 162 mg/L 1.5 mg/L* Above limit 
Flouride Nil 1.0 mg/L None detected 
Phosphate 255 mg/L 2.0 mg/L Above limit 
Iron 2.4 mg/L 0.3 mg/L* Above limit 
Manganese 9.4 mg/L 0.1 mg/L* Above limit 
Cadmium Nil 0.05 mg/L None detected 
Faecal coliform 3100 per 100 mL 10 per 100 mL Above limit 
Total coliform 1200 per 100mL 10 per 100 mL Above limit 
* Government Gazette (1984) wastewater quality standard 
Source: Analysis of Technical Experiments Data, 2009 
 
4.3.7.1.3 Swazi Paper Mills 
Various reports (TPTC, 2008; IC Development 2007; MNRE, 2007; Yongenawe, 2004; 
Vakakis International SA and WS Atkins International, 2000; Mavimbela, 1995) believe 
that the Swazi paper mills has been plagued by chronic water pollution problems since 
inception in 1988. COD, EC, phenols, alkalinity, hardness, calcium, ortho-phosphate, and 
suspended solids are believed to be the major pollutants. These allegations could not be 
verified since during the course of the study, the company had temporarily suspended its 
operations. But still, the company could not be omitted from the study since it has been a 
cause of concern for many years. Hence, existing data from the Department of Water 
Affairs from the period January to June 2009 was reviewed in order to determine the 
recent wastewater characteristics from the company. Also, a biotic index was conducted 
at the Swazi paper mills discharge point at the Lusushwana River (SP 12) as it could help 
provide a more representative picture of the water quality conditions as the flora and 
fauna which make up the river‘s community respond to water conditions which have 
prevailed over a relatively long period of time. The biotic index could therefore help detect 
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periodic inputs of effluents that chemical analysis might have missed, and provide 
assessment of the average water quality over a fairly long period of time (Woodiwiss, 
1964). The biotic index showed that macro-invertebrates found at the discharge point 
were from Indicator Group II (Refer to Chapter 2 Subsection 2.8.2.2 for classifications), 
and were identified as water beetles, water bugs, dragonfly nymphs, and hog lice. Macro-
invertebrates in Indicator Group II present water quality that is dubious to bad. Hence, the 
absence of intolerant organisms such as damselfly and fresh water mussels which 
indicates clean or unpolluted water, and the presence of tolerant organisms indicating 
polluted water could highlight that the Lusushwana River is polluted by the effluent 
discharged by the paper mill. No fish or fishing was observed at the discharge point (SP 
12) despite fishing and presence of fish at SP 13 (Mnkhinkhomo Dam) just above this 
point. Results from technical experiments conducted by the researcher at SP 12 
(Subsection 4.3.4.3) showed that COD, turbidity, colour, phosphate, nitrate, nitrite, iron, 
aluminium and manganese significantly exceeded the Swaziland surface water quality 
standards (SG, 1999). Data from the Water Resources Branch (Table 4.7) showed that 
with the exception of temperature and pH which were within the Swaziland industrial 
effluent standard of 35°C and 5.5 and 9.5 pH units respectively, all the other parameter 
were way above the industrial effluent requirements (SG, 1999) and DWAF wastewater 
standards (Government Gazette, 1984).   
 
Table 4.9: Swazi Paper Mills Effluent Composition & Relative Concentrations 
PAPER MILL 
EFFLUENT 
COMPOSITION 
PAPER MILL EFFLUENT 
RELATIVE CONCENTRATION 
SWAZILAND OR DWAF* 
INDUSTRIAL EFFLUENT 
STANDARD 
COMMENT 
Temperature 28 °C 35°C Within limit 
EC 6070 ms/m 250 ms/m Above limit 
COD 342 mgO2/L 75 mgO2/L Above limit 
Colour 15000 mg/L 20 mg/L Pt/Co Scale Above limit 
pH 7.5 pH units 5.5 and 9.5 pH units Within limit 
Turbidity 700 NTU 25 NTU Above limit 
Nitrate 80 mg/L 1.5 mg/L* Above limit 
Flouride 56 mg/L 1.0 mg/L Above limit 
Phosphate 39 mg/L 2.0 mg/L Above limit 
Iron 1.6 mg/L 0.3 mg/L* Above limit 
Manganese 3.3 mg/L 0.1 mg/L* Above limit 
Cadmium 7.2 mg/L 0.05 mg/L Above limit 
Total coliform 548 per 100 mL 10 per 100 mL Above limit 
* Government Gazette (1984) wastewater quality standard 
Source: Analysis of Existing Technical Experiments Data from the Department of 
Water Affairs for this Study, 2009 
 
4.3.7.2 Treatments Wastewaters Receive Prior to Disposal into the Lusushwana River 
The objective of this sub-section is to present results on the onsite (at source) wastewater 
treatment types adopted by the companies discharging their final wastewaters directly into 
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the Lusushwana River towards addressing the effluent concentrations so that they meet 
the Swaziland wastewater and industrial effluent discharge standards (SG, 1967:1999). 
Also, the results reflect the reasons for the treatments and the efficiency of the treatments. 
In addition, the onsite treatments adopted by the various industries at Matsapha a majority 
of which discharge their final wastewater into the wastewater treatment plant are looked 
into. This was necessary because the industries have a wider implication to the final 
wastewaters discharged by the wastewater treatment plant and overflowing manholes and 
booster pumps into the Lusushwana River and the environment (biotic-abiotic-cultural). 
Besides, this also helped the researcher to understand better the concept of pollution fully 
in terms of quantity and quality; point and diffuse pollution sources, direct and indirect 
pollution pathways, and its wider implications to the wastewater treatment plant and the 
environment. 
 
Regarding the companies that discharge their final wastewaters directly into the 
Lusushwana River (discussed in Section 4.3.7), as shown in Table 4.8, 2 out of 3 
wastewaters receives treatment. The wastewater contained in the Matsapha wastewater 
treatment plant receives biological treatment through stabilization ponds, and the 
wastewater from the paper mill receives onsite conventional pre-treatment. There is no 
treatment along the sewerage system, hence, overflowing wastewaters from the sewer 
line booster pumps (including their retention tank and man holes) does not receive 
treatment, meaning it is discharged raw into the Lusushwana River. The respondents of 
the Matsapha wastewater treatment plant and Swazi paper mills when asked for the 
reasons why they treat their wastewaters, they both said it was necessary to meet 
standards and reduce pollutants to the Lusushwana River which could be harmful to 
aquatic life and the riparian communities downstream. This shows that the companies are 
aware that they should not pollute the Lusushwana River but do not live to this 
expectation. The technical analysis of their wastewaters in Section 4.3.8 revealed that the 
concentrations of their final wastewaters did not conform to the relevant standards. 
Hence, it could be concluded that the treatments adopted were not effective.  The 
Swaziland Water Services Corporation respondents asserted that their treatment system 
is highly ineffective, and they need a facility relevant to the present situation. The Manzini 
Regional Manager stated that: “the stabilization ponds are not coping with the types of 
wastewaters produced at Matsapha, may be they were effective before but not now. A 
new system is needed” (Fakudze, Personal Communication). The respondent from the 
Swazi Paper Mills said that their system was effective, which is contrary to the 
experimental results. 
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Regarding the various industries not discharging their final wastewaters directly into the 
Lusushwana River, various onsite treatment methods are adopted including conventional, 
pre-treatment, sludge settlement tank, and oil (and water) separator pits (Table 4.8). From 
the cross-tabulation shown in Table 4.8, only 3 industries have onsite conventional 
treatment. These are beverage, textile, and cooking oil industries with an onsite 
conventional facility each. Besides, there are 2 abattoirs with onsite pre-treatment 
facilities; and one each of beverage, textile, and paper manufacturing industries with 
onsite pre-treatment facility. Only two types of industries have an oil (and water) separator 
treatment facility. Mechanical industries have most, with 5 oil separators followed by 
petroleum industries with 4 oil separators. Only 1 paper manufacturing industry has a 
sludge treatment tank. The companies that receive no onsite treatment at all before 
discharging their final wastewaters are the landfill; and one each of mechanics, beverage 
production, paint manufacturing, sweets manufacturing, dairy and pharmaceutical 
companies.  
 
The proprietors of the companies that treat their wastewaters before discharge were 
asked for the reasons why they treat their wastewaters.  The proprietors of the mechanical 
and petroleum industries said that they need to recover the oil from the water. All the 
petroleum industries said they do this because it was a standard requirement from their 
international sister companies. On the other hand, the mechanical garages recovered the 
oil from the water for re-use, and so that they do not clog up their drainage system. The 
proprietors of the cooking oil and beverage companies said that they treat their 
wastewaters so that they do not pollute the environment as per the requirements of their 
environmental impact assessment reports and comprehensive environmental mitigation 
plan. The beverage company added that the treatment was necessary to conform with the 
standard requirement from their international sister companies. The proprietors of the 
abattoirs said that they pre-treat their wastewaters so that they meet the requirements of 
their environmental audits and comprehensive environmental mitigation plans, and so that 
they are not charged exorbitantly for high COD discharges by the Swaziland Water 
Services Corporation. The proprietors of the paper industry said that they pre-treat their 
wastewater to settle the sludge as the Swaziland Water Services Corporation does not 
allow them to discharge it into the sewer line for it clog up the pipes. The textile industries 
said that they pre-treat their wastewaters to meet the standard requirement from their 
international sister companies, and so that they are not charged exorbitantly for high COD 
discharges by the Swaziland Water Services Corporation. Inference from these results 
show that the companies at Matsapha can pre-treat their wastewaters if compelled by 
authority, but need stringent monitoring and technical advice as the technical analysis of 
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their wastewaters in Section 4.3.8 revealed that the concentrations of their final 
wastewaters did not conform to the relevant standards, meaning the types of treatments 
adopted were ineffective.   
 
Table 4.10: Cross-tabulation of Companies and Wastewater Treatment Type 
Nature of 
Operation 
Wastewater Treatment Facilities & Types Total 
Conventional 
Facility or 
Stabilization 
Ponds 
Pre-
treatment 
Facility 
Oil Separator 
Pit 
Sludge 
Settlement 
Tank 
N/A 
Petroleum 
industries 
0 0 4 0 0 4 
Mechanical 
industries 
0 0 5 0 1 6 
Beverage 
industries 
1 1 0 0 1 3 
Textile industries 1 1 0 0 0 2 
Paint manufacturer 0 0 0 0 1 1 
Sweets 
manufacturers 
0 0 0 0 1 1 
Dairy industries 0 0 0 0 1 1 
Meat Abattoir 0 2 0 0 0 2 
Paper industries 0 1 0 1 0 2 
Cooking Oil 
industries 
1 0 0 0 0 1 
Pharmaceutical 
industries 
0 0 0 0 1 1 
Landfill leachate 
pond 
0 0 0 0 1 1 
Wastewater 
treatment plant 
1 0 0 0 0 1 
Sewer line booster 
pumps 
0 0 0 0 1 1 
Total 4 5 9 1 8 27 
*** N/A refers to companies which receive no form of treatment before disposal 
Source: Analysis of Survey Data, 2009 
 
Summary 
The results confirm that companies at Matsapha are responsible for pollution of the 
Lusushwana River. This had previously been suspected, but analysis and observation has 
confirmed this. The main polluters are the Matsapha wastewater treatment plant, sewer 
line, and Swazi paper mills. The Matsapha wastewater treatment plant discharges about 
1,356,048 m3/yr of wastewater. It could be concluded that the Matsapha wastewater 
treatment plant may be ineffective in the removal or reduction of the pollutantsin the 
industrial wastewater to acceptable standards. Therefore at the end of the treatment 
process, there is only the reduction of some of the pollutants thus leading to the 
domination of other pollutants at the effluent point. As the effluent flows into the 
Lusushwana River, there are still high levels of the pollutants intended to be removed by 
the treatment process. Quantities of wastewater discharged by the Swazi paper mills and 
the sewer line could not be ascertained due to lack of documentation. Quality wise, all the 
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wastewaters were relatively above the relevant standards. Regarding wastewater 
treatment options, evidence from the information summarized in Table 4.8 shows that 
situations varies, some industries provide pre-treatment others do not. The various reason 
given for providing treatment shows that the companies at Matsapha could pre-treat their 
wastewaters if obligatory. Also, the results showed that the companies need adequately 
qualified staff to manage their wastewaters, and technical advice on suitable wastewater 
treatment options. 
 
4.3.8 Subsidiary Research Question 5  
This section addresses the subsidiary research question: What is the association between 
the industries and the quality of the Lusushwana River at Matsapha; and how much 
pollution (total maximum daily load [TMDL]) can the Lusushwana River receive and still 
meet water quality standards?  
 
4.3.8.1 Association between the Industries and the Water Quality of the Lusushwana River 
The aim of this sub-section is to establish the association between the industries and the 
water quality of the Lusushwana River. Section 4.3.7 shows that the wastewaters 
discharged directly into the Lusushwana River are from the Matsapha wastewater 
treatment plants, the sewer line, and the Swazi paper mills. Section 4.3.7 shows that the 
wastewater from the Matsapha wastewater treatment plant receives biological treatment 
prior to discharge, the one from the Swazi paper mills receives pre-treatment while the 
leaks from the sewer line receives no form of treatment. An assessment of the 
wastewaters showed that most of the effluents do not meet the Swaziland industrial 
wastewater effluent requirements (SG, 1967), the Swaziland wastewater quality standards 
(SG, 1999); and DWAF wastewater quality standards (Government Gazette, 1984). The 
effluents present high concentration of EC, COD, colour, turbidity, phosphate, iron, 
manganese, Total coliform, and Faecal coliform (Section 4.3.8). From Table 4.11, it can 
be observed that the Lusushwana River is polluted from these effluents. Likewise, the 
Lusushwana River shows high concentration of COD, colour, turbidity, nitrate, phosphate, 
iron, manganese, Total coliform, and Faecal coliform. The only exception is EC, which is 
higher in the wastewater effluents and within limit in the Lusushwana River. Except in the 
wastewater from the Swazi paper mills, temperature, fluoride and cadmium, is within limit 
in the wastewater effluents from the wastewater treatment plant, sewer line and the 
Lusushwana River. Hence, there is an association between the wastewater discharges by 
the companies at Matsapha, and the Lusushwana River water quality. This is consistent 
with the findings of subsidiary research question 3, which confirmed that observations of 
water pollution agreed with stakeholder perceptions.  
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Table 4.11: A Comparison of the Wastewater Treatment Plant, Sewer Line Booster Pump & Swazi paper mills Relative Effluent 
Concentrations & the Lusushwana River Relative Water Quality Concentrations 
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Temperature 35°C 25  25  28  Temperature 25°C * 25  
EC 250 ms/m 1560  1700  6070  EC 1800 μ/cm or 1.8 
ms/m 
54-790  
COD 75 mgO2/L 399  560  342  COD 10 mg oxygen/ℓ m 4-133 (at different locations)  
Colour 20 mg/L Pt/Co 
Scale 
1340  1300  15000  Colour 20 mg/L * 84-5536  
pH 5.5 and 9.5 pH units 7.8  7.8   7.5  pH minimum 6.5 and 
maximum 8.5 
6.4 (upstream) - 8.4 (at industrial 
estate 
Turbidity 25 NTU 202  400  700  Turbidity 5 NTU 157-335 
Nitrate 1.5 17.5  16.2  8.0  Nitrate 10 mg N/ℓ (as 
nitrogen)  
12-111 
Flouride 1.0 mg/L Nil  Nil  5.6 Flouride 1.0 mg/ℓ  Nil 
Phosphate 2.0 mg/L 8.0  25.5 3.9  Phosphate 2.0 8-15 
Iron 0.3 1.7  2.4 1.6  Iron 1 mg/ℓ  0.1-2.21 (at different locations)  
Manganese 0.1 8  9.4  3.3 Manganese 0.5 mg/ℓ  0.1-12.9 
Cadmium 0.05 mg/L Nil Nil 7.2 Cadmium 0.003 mg/ℓ  Nil 
Aluminium No standard No standard No 
standard 
No 
standard 
Aluminium 0.2 mg/ℓ  0.7-12.9 
Total coliforms 10 per 100 mL 544  1200  548 Total coliform 1–1 0 per 100 mℓ  100-420 
Faecal coliforms 10 per 100 mL 700  3100   334 Faecal 
coliform 
1–10 per 100 mℓ  135-690 
Colours: Red = Above limit  Green = Within limit Yellow = Not Detected 
Source: Analysis of Technical Experiments Data, 2009  
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From Subsection 4.3.10, it is established that the final wastewaters from the various 
companies that are not discharged into the Lusushwana River are discharged into the 
Matsapha wastewater treatment plant, which then discharges into the Lusushwana River. 
Section 4.9 shows that some of the wastewaters receive conventional treatment, pre-
treatment, sludge settlement, and oil and water separation while others receive no form of 
treatment at all. Despite the various forms of treatments received by the wastewaters, 
Table 4.12 shows that the wastewater still contain pollutants above the Swaziland 
wastewater quality standards (SG, 1999); the Swaziland industrial wastewater effluent 
requirements (SG, 1967), and DWAF wastewater quality standards (Government Gazette, 
1984). The wastewaters contain high concentrations of EC, COD, colour, turbidity, 
fluoride, phosphate, nitrate, iron, manganese, cadmium, and Total coliforms (Table 4.12). 
All these discharges into the Matsapha wastewater treatment plant highlight the pollution 
load the treatment plant has to cope with. It can be observed from Table 4.12 that the high 
output of pollutants into the Matsapha wastewater treatment plant interfere with both 
aerobic and anaerobic bacteria at the oxidation ponds as the effluent from the wastewater 
treatment plant does not meet the Swaziland wastewater quality standards (SG, 1999); 
and the DWAF wastewater quality standards (Government Gazette, 1984). Similar to the 
wastewaters from the companies, the wastewater treatment plant effluent contains high 
concentrations of EC, COD, colour, turbidity, phosphate, nitrate, iron, manganese, and 
Total coliforms (Table 4.12).  
 
Inference from the results confirms that there is an association between the industries, the 
wastewater treatment plant, and the water quality of the Lusushwana River. This is 
consistent with the findings of subsidiary research question 3, which confirmed that 
observations of water pollution agreed with stakeholder perceptions. The Lusushwana 
River is polluted from these discharges as it also present concentrations of  EC, COD, 
colour, turbidity, fluoride, phosphate, nitrate, iron, manganese, cadmium, and Total 
coliforms above the Swaziland water quality standards (SG, 1999), and the suggested 
Swaziland and South Africa water quality standards (SG, Undated). 
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Table 4.12: Companies Effluent Composition & Relative Concentrations 
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Temperature 35°C 29 21 19 28 28 23 21 21 26 30 25 Temperature 25°C * 25  
EC 250 ms/m 510 560 680 580 4800 812 780 6070 48 450 1560 EC 1800 μ/cm or 1.8 
ms/m 
54-790  
COD 75 mgO2/L 581 581 300 320 330 500 330 82 80 951 399 COD 10 mg oxygen/ℓ m 4-133 (at different 
locations ) 
Colour 20 mg/L Pt/Co 
Scale 
300 1500 250 1200 475 100 200 118 17 160
0 
1340 Colour 20 mg/L * 84-5536  
pH 5.5 and 9.5 pH 
units 
6.5 5.4 7 7.5 10 7 7.1 7.2 7 9.5 7.8 pH minimum 6.5 and 
maximum 8.5 
6.4 (upstream) - 8.4 
(at industrial estate) 
Turbidity 25 NTU 2000 296 3000 660 5696  260 16 17 830 202 Turbidity 5 NTU 157-335  
Nitrate 1.5 21.4 6.5 21.4 6.4 79.6 6.5 8.0 6.5 17.2 13.0 17.5 Nitrate 10 mg N/ℓ (as 
nitrogen)  
12-111  
Flouride 1.0 mg/L 6.4 7.5 7.5 4.8 8.6 6.4 7.5 7.5 6.5 7.5 Nil Flouride 1.0 mg/ℓ  Nil 
Phosphate 2.0 mg/L 17.5 12.0 8.34 2.8 1.7 7.8 13.0 14.0 25.0 54.0 8.0 Phosphate 2.0 8-15  
Iron 0.3 2.8 0.58 2.0 1.4 1.4  1.41 2.9 Nil 8 1.7 Iron 1 mg/ℓ  0.1 - 2.21 (at 
different locations) 
Manganese 0.1 2.0 1.76 1.68 3.1 2.1 2.0 Nil Nil Nil 3.8 8.0 Manganese 0.5 mg/ℓ  0.1-12.9  
Cadmium 0.05 mg/L 1.6 1.8 2.7 6.2 2.7 1.8 2.8 1.7 1.6 1.7 Nil Cadmium 0.003 mg/ℓ  Nil 
Aluminium No standard 
(std) 
No 
std 
No 
std 
No 
std 
No 
std 
No 
std 
No 
std 
No 
std 
No 
std 
No 
std 
No 
std 
No 
std 
Aluminium 0.2 mg/ℓ 0.7-12.9  
Total 
coliforms 
10 per 100 mL 400 8 700 328 430 190 6 1800 119 150
0 
700 Total 
coliform 
0.2 mg/ℓ  100-420  
Faecal 
coliforms 
10 per 100 mL 280 35 689 500 360 145 89 690 187 279 400 Faecal 
coliform 
 135-690  
Colours: Red = Above limit Green = Within limit Yellow = Not Detected 
Source: Analysis of Technical Experiments Data, 2009 
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4.3.8.2 Total Maximum Daily Load Pollution the Lusushwana River can Receive 
Assessing the ability of a river to receive pollution and still meet water quality standards 
depends upon river flows (for dilution) and the nature of the pollutants. At the Lusushwana 
River along the Matsapha industrial estate, river flows cannot be routinely measured 
because there is no gauge station (Fakudze, Personal Communication; Simelane, 
Personal Communication). The Senior Engineer (Fakudze, Personal Communication) and 
hydrological engineer (Simelane, Personal Communication) from the Water Resource 
Branch stated that the available gauge station is about 2 km before the urban area. 
Hence, it was impossible for the researcher to determine how much pollution the 
Lusushwana River along the Matsapha industrial estate can receive and still meet water 
quality standards. When asked for personal opinion on how much pollution the 
Lusushwana River along the Matsapha industrial estate can receive and still meet water 
quality standards, the hydrological engineer stated that in as much as he did not have 
quantifiable evidence, the volume of the water is too low to assimilate the wastewaters 
discharged into it because it is impounded and diverted through Ferreira canals/weirs for 
the Matsapha potable water treatment plant and for power generation at Maguduza and 
Dwaleni hydropower stations, and in consequence it has turned into a sewer (Simelane, 
Personal Communication). 
 
The qualitative data showed that some key informant interviewees shared the same 
sentiments as the Engineers. Personal observation confirmed this. The diversion of the 
Lusushwana River for the potable water and hydropower projects had resulted in 
fragmentation and slimming of the Lusushwana River downstream of the 
Mnkhinkhomo Dam. After this point, the river is not replenished much as the 
Mnkhinkhomo Stream that joins or discharges downstream of the dam produces 
minimal volume of water. The companies discharging their effluent directly into the 
Lusushwana River are below the potable water treatment plant intake and the 
Mnkhinkhomo Dam. The volume of the Lusushwana River after the impoundment and 
diversion was very low; the river was not fast flowing, water was stagnant and had dried 
up at some points.  
 
Physical assessment of the water quality showed that the river was characterised by 
wastewaters discharged into it. The water was dark-grey, foamy, murky, and smelly, 
which led to the conclusion that the river was not capable of diluting and assimilating the 
wastewaters discharged into it. One interviewee said that in recent years, the poor dilution 
factor has been exacerbated by the dry weather conditions (droughts) in Swaziland, and 
therefore companies should not be allowed to discharge into the Lusushwana River at the 
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Matsapha industrial estate but should instead discharge into the confluence of 
Lusushwana River and Usuthu River further down. Observations by the researcher and 
the results from the technical experiments confirm the perceptions of key informant 
interviewees that the volume of the water in the Lusushwana River is too low to assimilate 
the wastewaters discharged into it. Physical, chemical, and microbiological parameters 
analysed were generally in excess of the Swaziland surface water quality standard 
minimum values. Also, the experimental results shows that even upstream the 
Lusushwana River cannot assimilate the wastewaters discharged into it. Even before the 
Lusushwana River reaches Matsapha, the water quality does not satisfy Swaziland 
surface water quality standards, as is evident from results collected from SP 1 
(Subsection 4.3.4.3). Hence Interventions upstream of Matsapha are needed to improve 
river water quality, as even if there were no polluting discharges at Matsapha the 
Lusushwana River at Matsapha would fail to meet standards.  
 
Summary 
The results confirm that companies at Matsapha are responsible for pollution of the 
Lusushwana River. This had previously been suspected, but analysis and observation 
have confirmed this. Attempting to assess how much pollution the Lusushwana River can 
accept was over-ambitious. The capacity depends upon river flows (for dilution) and the 
nature of the pollutants. At the Lusushwana River, river flows cannot be routinely 
measured, because there is no gauge station; hence it was impossible to determine how 
much pollution the river can receive and still meet water quality standards. A more 
detailed study would require measurement of river and wastewater flows. Nonetheless, 
observations by the researcher and the results from the technical experiments confirm the 
perceptions of key informant interviewees that the volume of the water in the Lusushwana 
River at the Matsapha industrial estate is too low to assimilate the wastewaters 
discharged into it.  
 
4.3.9 Subsidiary Research Question 6  
This section addresses the subsidiary research question: What are the perceived pollution 
impacts of the riparian communities downstream of Matsapha using the Lusushwana 
River for domestic and livelihood purposes; and how are their (riparian communities) 
complaints on pollution addressed? The next discussion therefore finds out from the 
riparian communities their perceived human health, human safety, water user category, 
aesthetic, and economic impacts and about their complaints on pollution in their 
environment; and whether the proprietors of companies and environmental monitoring 
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agencies receive complaints from the riparian communities regarding wastewater pollution 
of the Lusushwana River, associated impacts, and how the complaints are handled.  
 
4.3.9.1 Riparian Communities’ Perceived Pollution Impacts 
 
4.3.9.1.1 Human Health Impacts  
Figure 4.37 reveals that diarrhoea and stomach ache are the leading health problems with 
a score of 82% followed by skin problems (75%) and bilharzia (35%). Headache and 
nausea are the next with 16% and 15% respectively. Malaria incidence is relatively low 
with 7% of cases. Cancer, deformation and still births are almost non-existent. Diarrhoea 
and stomach ache, headache, and nausea are water-borne diseases.  Bilharzia is a 
water-based disease, and malaria is a water-related insect vector disease. Qualitative 
results from the interviewees reveal that about 17 people expressed concern about death 
of people attributed to drinking polluted water. The interviewees expressed that the death 
was due to consuming dead fish from the polluted water and from suffering from 
diarrhoea. Key informant interviewees from the environmental monitoring agencies 
expressed concern about outbreaks of diarrhoea caused by E. coli, and the link to unsafe 
drinking water from the Lusushwana River. Health records from Egebeni clinic showed 
that diarrhoeal disorders ranked among the top 5 outpatient visits since 1988. The study 
lacked the specialist resource to establish an association between the water quality of the 
Lusushwana River and the health impacts, but, the impacts raised by the riparian 
communities are supported by literature  
(Chapter 2 Section 2.6). 
 
 
Figure 4.38: Human Health Impacts Perceived by the Riparian Communities 
Downstream of Matsapha 
Source: Analysis of Survey Data, 2009 
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4.3.9.1.2 Human Safety Impacts  
As shown in Figure 4.38, the riparian communities mentioned the following as safety 
problems that worry them: 93% were concerned about poor visibility, 78% expressed 
concern about leeches, 74% were concerned about algal blooms, 73% expressed 
concern about eutrophication. The concerns here seem to follow the pattern in the 
Lusushwana River uses to the community where there is significant utilisation of the river 
for domestic, recreation, and livelihood purposes (Refer to Figure 4.4). One respondent 
complained: ‗‟these days we do not enjoy swimming and washing as we used to when we 
were children. In those days there were no leeches to bite us. But these days leeches 
have taken over the river, making swimming and washing unpleasant‟‟. Another 
respondent complained that animals for dipping must cross the river which is infested with 
leeches, and algae. The leeches bite them and their livestock as they cross the river for 
dipping in the deep tank, and the algae make the crossing stones slippery. This makes it 
difficult to take the livestock across the river for dipping purposes. This may cause an 
increase in zoonotic diseases. Qualitative results from the key informant interviewees also 
showed concern about algae bloom, eutrophication, and leeches which not only pose a 
human safety problem but also an economic loss to man and women that pursue their 
livelihoods through fishing, rudimentary sand mining, harvesting reeds, grasses and 
decorative stones for making handcraft merchandise.  
 
 
Figure 4.39: Human Safety Impacts Perceived by the Riparian Communities 
Downstream of Matsapha 
Source: Analysis of Survey Data, 2009 
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The riparian communities expressed concern on various restricted applications for which 
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high water use restriction on fishing  and irrigation respectively. 34.7 % expressed high 
restriction on sand mining and 26.4% on livestock farming. The results show that water 
quality exhibits spatial differences in the Lusushwana River. Also, water quality 
requirements differ with individuals. The key water quality issues that impact on water 
uses/users are identified in Sections 4.3.4 and 4.3.5.   
 
Table 4.13: Water User Category Impacts Perceived by the Riparian Communities 
Downstream of Matsapha 
RATE OF 
RESTRICTION ON 
WATER USER 
CATERGORY 
FREQUENCY PERCENT VALID PERCENT CUMULATIVE 
PERCENT 
Rate of Restriction on Domestic Purposes 
Very high 121 100.0 100.0 100.0 
Rate of Restriction on Recreation 
Vey High 121 100.0 100.0 100.0 
Rate of Restriction on Sand Mining 
Very High 42 34.7 34.7 34.7 
Not Applicable 79 65.3 65.3 100.0 
Total 121 100.0 100.0  
Rate of Restriction on Fishing 
Very High 80 66.1 66.1 66.1 
Not Applicable 41 33.9 33.9 100.0 
Total 121 100.0 100.0  
Rate of Restriction on Irrigation 
Very High 68 56.2 56.2 56.2 
Very Low 5 4.1 4.1 60.3 
Not Applicable 48 39.7 39.7 100.0 
Total 121 100.0 100.0  
Rate of Restriction on Livestock 
Very High 32 26.4 26.4 26.4 
Not Applicable 89 73.6 73.6 100.0 
Total 121 100.0 100.0  
Source: Analysis of Survey Data, 2009 
 
4.3.9.1.4 Aesthetic Impacts 
The riparian communities were asked about the aesthetic impacts that can be subjectively 
evaluated through use of their five senses such as taste, odour and colour of the water, 
discoloration and staining, objectionable floating matter and nuisance plants. Their 
responses (Figure 4.39) show that majority (93%) expressed concern about objectionable 
floating matter from pulp, faecal matter, and oil. This was followed by issues of odour from 
the wastewater treatment plant (79%). The next is nuisance plants from excessive 
overgrowth and invasive plant species, and colour from the paper mill and wastewater 
treatment plant with a score of 73% and 72% respectively. Also, issues of taste and 
discoloration and staining (of food and clothes) were of significant concern with a score of 
55% and 50% respectively. One respondent commented that: “nowadays, you can 
actually walk through the Lusushwana River as there is no water and the river has turned 
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into a jungle”. Qualitative results from the key informant interviewees showed concern 
about faecal matter, odour, colour, pulp, new invasive plant species and excessive weed 
along the Lusushwana River at Matsapha industrial estate.  
 
 
Figure 4.40: Aesthetic Impacts Perceived by the Riparian Communities Downstream 
of Matsapha 
Source: Analysis of Survey Data, 2009 
 
4.3.9.1.5 Economic/Livelihoods Impacts  
From Figure 4.40, 65% of the riparian communities expressed concern about dying fish, 
26% were concerned about dying livestock, 21% expressed concern about contamination 
of vegetables and 10% about damaged equipment (sprinklers). No concerns (0%) were 
raised on contaminated/impaired soils. The study lacked the specialist resource to 
establish a direct causal relationship between the water quality of the Lusushwana River 
and the economic impacts. However, the economic impacts raised by the riparian 
communities can be linked more closely to water quality. These impacts even though not 
quantified show loss of value of cattle, less income from fishing, loss of income from dying 
cattle, loss of income from contaminated vegetables, loss of market for vegetables, and 
damage to irrigation sprinklers, and hydropower generation turbines.   
 
From the qualitative data, the riparian communities‘ respondents stated that leeches are a 
serious economic concern to their cattle. The leeches stick on the tongues of the cattle 
and goats. The animals cannot rid themselves from the leeches, and the wounds cause 
from the leeches‘ bites makes it difficult for the livestock to graze properly. The cattle get 
wasted and some eventually die. An abundance of leeches is generally considered to be 
an indication of very poor water quality (McDonald et al, 1990). Suspended solids were 
also cited as a major cause of economic loss. Pulp is said to contaminate vegetables and 
kill livestock following ingestion. The respondents stated that when some of the dead 
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livestock are dressed, they find large volumes of paper/pulp in their stomach which they 
believe is the cause of their death. Also, the qualitative results showed that one farmer 
loss market for baby vegetables to Europe due to contamination by heavy metals, and 
pulp. Results from the key informant interviewees showed concern about dying fish as a 
result of high COD and phenols from the Swazi paper mils which is believed to be 
responsible for causing the death of fish. Concern was also raised about birds dying from 
oil and pulp coating. Complaints of damaged sprinklers from commercial farmers and 
turbines from the Dwaleni hydropower generation station by pulp were also raised.  
 
 
Figure 4.41: Economic Impacts cited by the Riparian Communities Downstream of 
Matsapha 
Source: Analysis of Survey Data, 2009 
 
4.3.9.2 Riparian Communities Downstream of Matsapha Complaints on Pollution & 
Structures to Address Complaints 
 
4.3.9.2.1 Riparian Communities Complaints to Various Agents 
The results from Figure 4.41 show that 98% of the riparian communities complain about 
pollution related issues in their environment, and 2% of the respondents did not complain. 
Those that do not complain cited that they did not know where to complain to while others 
felt complaining would lead to their eviction since they were squatters in a private farm 
and urban open space. When the community was asked about the pollution related issues 
they mostly complain about, Figure 4.41 shows that the key complaints are on water 
pollution, their health, and livelihoods. About 37% complain about water quality issues; 
while 28% complain about wastewater discharge problems. About the water quality issue, 
some of the respondents say that drinking water from the Lusushwana River is ‗‘like 
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eating faeces‟‟ due to the pollution from the sewage discharge. 22% complain about 
health issues. Only 5% complain about dying livestock. Whereas about 3% each complain 
about dying fish and complains about contaminated vegetables.  
 
The qualitative data showed that the riparian communities complain to various agents 
including the environmental monitoring agencies, proprietors of companies, local 
members of parliament, police, media, and prominent business people in their areas. 
When asked about how their complaints are handled, the riparian communities expressed 
concern that in most cases there is no action taken but in some cases action is taken. For 
instance when they complained to the proprietor of the Swazi paper mills, he provided 
them with a bore-hole which unfortunately is now non-functional due to lack of 
maintenance. Other action taken which the riparian communities do not appreciate much 
for they are no tangible benefits realised include the installation of a wastewater pre-
treatment facility by the paper mill, water sampling and analysis following complaints, , 
and publicity by the media. One respondent commented that “the sampling and 
newspapers does not benefit us, we want to be compensated monetary by the 
companies, and we want government to install water stand pipes or boreholes for us. Our 
relatives and cattle have died and nothing is done, no one cares about us because we are 
poor and deserves to die”. 
 
 
Figure 4.42: Riparian Communities Downstream of Mustapha’s Complaints to 
various Agents 
Source: Analysis of Survey Data, 2009 
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4.3.9.2.2 Riparian Communities Complaints to Proprietors of Companies 
When the proprietors of companies at Matsapha were asked if they receive complaints 
from residents downstream of the Lusushwana River regarding pollution impacts on the 
Lusushwana River, and/or their health and livelihoods, only 2 out of the 26 companies 
received complaints. They are 1 of the beverage manufacturers and 1 paper milling 
company. When asked about the nature of the complaint, both proprietors of companies 
mentioned dying fish, death of relatives, total suspended matter (pulp), discoloured water, 
odour, none usability, contaminated vegetables, dying livestock, livestock abortion, 
diarrhoea, stomach ache, rash, and wounds.  
 
When asked about what procedures are in place to address the riparian communities‘ 
complains, the beverage company said that they have a stakeholder‘s complaints forum 
which meets once a month, and one of the members is a riparian community to address 
any complaints. Personal communication with management from the beverage company 
showed that the stakeholders‘ forums are highly important and helpful since the 
communities‘ complaints can be followed and polluters spotted. Like in many cases the 
communities thought the beverage company was polluting the Lusushwana River due to 
black discolouration but upon investigation, the pollution source was identified and the 
company‘s name was cleared (Khumalo, Personal Communication). The paper mill 
company said they have an open-door procedure. If there is a complaint, they meet with 
the riparian communities‘ representatives, and take appropriate action to mitigate the 
problem. The paper mill also mentioned that they go beyond their responsibility by proving 
financial assistance, and in one case they provided a borehole as a safe source of water 
supply. 
 
4.3.9.2.3 Riparian Communities Complaints to Environmental Monitoring Agencies 
When asked if they receive complaints from residents downstream of the Lusushwana 
River regarding wastewater pollution impacts on the Lusushwana River, and/or their 
health and livelihoods, only 2 out of the 3 environmental monitoring agencies received 
complaints. They are the Swaziland Environmental Authority, and the Department of 
Water Affairs. When asked about the nature of the complaint, both agencies mentioned 
dying fish, birds dying, death of relatives, total suspended matter (pulp), discoloured 
water, odour, none usability, contaminated vegetables, dying livestock, livestock abortion, 
leeches and diarrhoea, stomach ache, rash, and wounds. When asked about what 
procedures are in place to address the riparian communities complains, both agencies 
said that they have an emergency response procedure or complaints follow-up 
programme which involve inspecting the scene, identifying the pollution source, taking 
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water samples for laboratory analysis, and either issuing a written or verbal warning to the 
polluter to mitigate the pollution. 
 
4.3.9.2.4 Personal Communication Regarding Complaints for Riparian Communities  
From personal communication with a prominent businessmen, and former politician in the 
study area, living in a private farm below the Lusushwana River, it transpired that the 
community residents sometimes come to his house in the early morning hours to 
complain, sometimes full of sludge or oil on their feet. Numerous complaints are raised at 
different times including dying fish; dying livestock; dying birds; pulp in the water; smelly 
and discoloured water; birds, fish, and cattle coated with oil and pulp; contaminated 
vegetables, dead relatives due to diarrhoea from consuming dead fish or drinking 
contaminated water; skin problems, non usability of the water, bad taste, aborting 
livestock; and faeces in the water (Carmichael, 2009). Carmichael mentioned that when 
he was Minister for Education, high child mortality rate was reported in the area, and he 
introduced a feeding scheme, but still the children continued to die. Upon investigation, he 
found out that the biggest problem was in the unfiltered Lusushwana River water the 
children drink than malnutrition. Through lobbying, Carmichael said he managed to have 
the paper mill shut down for 4 months while a wastewater treatment plant was installed, 
the company waste dump site was closed and decommissioned; and company donated a 
borehole to one of the communities.  
 
Besides the Swazi paper mills, Carmichael said the communities complain about pollution 
from the Matsapha wastewater treatment plant. Complaints include visible faecal matter in 
the river, smell, non usability of the water, and discolouration. Carmichael made comment 
that “I was Minister for Housing and Urban Development at the time, and Swaziland Water 
Services Corporation was a parastatal under the Ministry. The treatment plant was 
imposed on us by the Ministry of Enterprise and Employment after a German donor made 
funds available for the extension of the industrial estate. The stabilization ponds were part 
of the development. We were never consulted on the project, when the plant was finished 
we were told to use it but after consultation we refused to take it since it was not suitable 
for Matsapha. Later we were forced by government to run the plant. We were told we 
have nothing to lose, the plant is like a present to the ministry and we should 
decommission the plant we had then. Following the decommissioning of the existing plant, 
there were numerous complains about the ponds, they never worked from the start, and 
the situation has gotten worse. Despite all these trees around the farm, I can smell them 
from my restaurant, and they pollute the river so badly. They have become so unbearable, 
and a menace to society” (Carmichael, Personal communication). 
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Summary 
The riparian communities raised a wide range of water quality problems and these are 
broadly grouped into impacts on health, human safety, aesthetic, economic/livelihoods 
and water user restriction impacts. The limitation in this study was that it lacked the 
specialist resource to establish the direct links between river water quality, health as well 
as the economic impacts. However, the impacts raised by the riparian communities can 
be supported by literature.  The impacts in terms of aesthetic and livelihoods can be linked 
more closely to water quality. The water use restriction impacts showed that not all water 
users have the same water quality requirements and therefore can experience a wide 
range of limitations for which they could use the water. Riparian communities generally 
address their complaints to the police, politicians, the media, industries, environmental 
monitoring agencies, and prominent or influential individuals. All these agents are better 
placed to take appropriate action to reduce pollution. But, the inaction shows that 
sometimes complaints are directed to agents who do not act to reduce pollution. 
 
4.3.10 Subsidiary Research Question 7 
This section addresses the subsidiary research question: What resources, programmes 
and legislation are available for effective wastewater management and pollution 
monitoring at Matsapha? This section looks at the need for effective pollution monitoring 
and wastewater management; and effective environmental legislation enforcement in the 
Matsapha industrial estate. Therefore, the next subsections present results on the 
wastewater management and pollution monitoring programmes available at Matsapha; 
and environmental legislation compliance requirements and other environmental 
management instruments applied to the enforcement of the legislation.  
 
4.3.10.1 Resources Available for Effective Wastewater Management and Pollution 
Monitoring at Matsapha 
 
4.3.10.1.1 Resources Available to Effectively Manage Wastewater within Companies 
Table 4.26 shows that 11 out of 26 companies have qualified personnel to monitor their 
wastewaters. These include the beverage (3), textile (2), sweets (1), paper (2), and 
cooking oil industries (1); wastewater treatment plant (1), and landfill (1). The quantitative 
data showed all the personnel had university degrees in varies professions including 
chemistry, environmental health, and mechanical engineering. The remaining 15 
companies did not have qualified personnel for managing their wastewaters. These 
include the petroleum (4), mechanical (6), paint (1), dairy (1), meat (2), and 
pharmaceutical (1) industries. Despite not having qualified personnel to manage their 
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wastewaters, the companies (15) acknowledged that it was highly important that they 
have adequately qualified personnel to manage their wastewaters. Further, the 
quantitative data showed that out of the 26 companies, only 8 companies had 
laboratories for analysing their wastewaters and these are the beverage (2), textile (2), 
sweets (1), paper (1) and cooking oil (1) industries; and the wastewater treatment plant 
(1).  
 
Table 4.14: Nature of Operation and Requisite Personnel for Managing Wastewater  
Cross-tabulation  
Nature of operations Requisite personnel for managing Wastewater Total 
Yes No 
Petroleum 0 4 4 
Mechanics 0 6 6 
Beverage 3 0 3 
Textile 2 0 2 
Paint Manufacturer 0 1 1 
Sweets Manufacturer 1 0 1 
Dairy 0 1 1 
Meat Abattoir 0 2 2 
Paper Manufacturing 2 0 2 
Cooking Oil 1 0 1 
Pharmaceutical 0 1 1 
WWTP 1 0 1 
Solid waste landfill 1 0 1 
Total 11 15 26 
Source: Analysis of Survey Data, 2009 
 
4.3.10.1.2 Resources Available to Effectively Monitor Pollution within Environmental 
Monitoring Agencies 
All the environmental monitoring agencies (100%) stated that they had adequately 
qualified personnel to monitor water and wastewater within the Matsapha urban area. 
Their personnel possess university degrees in a wide range of professions including 
chemical engineering, chemistry, environmental health, and agricultural science. Though, 
the data showed that all the environmental monitoring agencies (100%) do not have 
adequate number of staff to monitor water and wastewater in the industrial area. The 
quantitative data showed numerous reasons for not having adequate number of staff 
including brain drain, non replacement of staff that had resigned, non-prioritization by 
management to adequately staff the departments, and lack of funds. Nonetheless, all the 
environmental monitoring agencies (100%) acknowledged the highly important need for 
having adequate numbers of qualified staff in order to effectively monitor waste and 
wastewater in the industrial area. Further, the qualitative data showed that only 1 out of 
the three environmental monitoring agencies had a laboratory for analysing water and 
wastewater samples, and this was the Department of Water Affairs, but the laboratory was 
not accredited. The quantitative data revealed that the lack of accreditation was a 
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hindrance in enforcing legislation on polluters since their results can easily be challenged 
in the court of law. Both the Matsapha Town Board and Swaziland Environmental 
Authority cited lack of funds as the reason for the lack of laboratories.  
 
4.3.10.2 Wastewater Management and Pollution Monitoring Programmes  
 
4.3.10.2.1 Wastewater Management Programmes for the Companies  
 
Wastewater Pre-treatment/Treatment by the Companies at Matsapha 
It was established that wastewater treatment and pre-treatment programmes are in place 
in some companies at Matsapha (See Section 4.3.9 for details). Regarding the companies 
that discharge their final wastewaters directly into the Lusushwana River, 2 out of 3 
wastewaters receive treatment. Regarding the various industries not discharging their final 
wastewaters directly into the Lusushwana River, 3 industries (beverage, textile, and 
cooking oil industries) have onsite conventional treatment, 2 abattoirs and one each of 
beverage, textile, and paper manufacturing industries have onsite pre-treatment facility, 5 
mechanical industries and 4 petroleum industries have an oil and water separator 
treatment facility, and 1 paper manufacturing industry has a sludge treatment tank. One 
each of landfill, mechanics, beverage production, paint manufacturing, sweets, dairy and 
pharmaceutical companies practice no onsite treatment at all before discharging their final 
wastewaters. The respondents from the companies when asked if they are required by 
any environmental monitoring agency to treat or pre-treat their wastewater, only 4 
companies out of 26 are required, and are the beverage, paper mill, cooking oil, and 
textile companies. The qualitative data reveal that the requirement was part and parcel of 
their environmental impact assessment or audit reports.   
 
Wastewater Sampling & Analysis by the Companies at Matsapha 
This section aims to find out whether or not the companies do sampling and analyses of 
their wastewaters before and after treatment. The cross-tabulation in Table 4.14 shows 
that the petroleum, mechanics, paint manufacturing, dairy, meat abattoir, pharmaceuticals 
and solid waste landfill companies do not do sampling and analyses for their wastewaters. 
The rest of the companies, however, do sampling and analysis of their wastewaters 
before and after treatment or disposal.  
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Table 4.15: Nature of Operations and Conducting Sampling and Analysis of 
Wastewater Cross-tabulation 
Nature of Operation Conducting Sampling and Analysis of 
Wastewater 
Total 
Yes No 
Petroleum 0 4 4 
Mechanics 0 6 6 
Beverage 3 0 3 
Textile 2 0 2 
Paint Manufacturer 0 1 1 
Sweets Manufacturer 1 0 1 
Dairy 0 1 1 
Meat Abattoir 0 2 2 
Paper Manufacturing 1 1 2 
Cooking Oil 1 0 1 
Pharmaceutical 0 1 1 
WWTP 1 0 1 
Solid waste landfill 0 1 1 
Total 9 17 26 
Source: Analysis of Survey Data, 2009 
 
Further investigations revealed that, apart from the petroleum companies, the companies 
that do sampling and analysis are branches of international companies. The companies 
that do not do wastewater analysis are mainly the local companies. The interviewees of 
the companies that analyse their wastewater stated that they do so to conform to the 
environmental policies and best practice requirements governing the parent companies 
overseas. Further investigation revealed that these sister international companies have 
their own laboratories for analysis of water, wastewater and quality of their products. The 
petroleum companies say that they are not concerned about wastewater analysis because 
they do not use water in their product. Besides, they use oil separator to recover oil mixed 
up with water and so do not consider the water as polluted, since the oil is recovered or 
removed. However, as shown in Section 4.3.11, quantitative results from analyses of the 
wastewater effluents from the industries showed the wastewaters to be polluted. For 
instance, the highest levels of EC were recorded at the paper and automobile industries 
(6070 ms/m each) followed by the textile industry (4800 ms/m) (SG, 1967). These are 
outside the Swaziland industrial effluent standard of 250 ms/m (SG, 1967). COD values 
ranged between 80 and 951 mg/L which was above the Swaziland industrial effluent 
standard of 75 mg/L (SG, 1967). The proprietors of companies when asked if they agreed 
that it was essential that they sample and analyse their wastewaters in order to effectively 
reduce pollution, they all said (100%) they strongly agreed. 
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Submission of Wastewater Compliance Reports by the Companies at 
Matsapha 
The companies were asked if they are required by environmental monitoring agencies to 
periodically sample and monitor their wastewaters; and submit reports, including technical 
reports, notification of discharges, periodic compliance reports, changes in wastewater 
strengths or flows, as well as any accidental discharges of prohibited or regulated 
material.  The quantitative and qualitative results show that none of the companies are 
subjected to these requirements by the environmental monitoring agencies or the 
Swaziland Water Services Corporation. 
 
4.3.10.2.2 Pollution Monitoring Programmes for the Environmental Monitoring 
Agencies 
 
Surface Water Quality Monitoring Programmes 
From Table 4.15, it is evident that none of the environmental monitoring agencies does 
any biological assessment in the Lusushwana River to ascertain which organisms are 
living or dying as a result of pollution. Only the Water Resources Branch does sampling 
and analysis of the water quality in the Lusushwana River once a month. The other two 
agencies (Matsapha Town Board and Swaziland Environmental Authority) do not sample 
and analyze the water quality of the Lusushwana River on a regular basis. The qualitative 
results showed that the Matsapha Town Board get to know about the water quality of the 
Lusushwana River from consultancy reports. The Swaziland Environmental Authority 
sample and analyse the water quality of the Lusushwana River following a complaint or 
spillage.  
 
When it comes to follow-up to complaints about pollution, there is fairly good progress: 
only the Matsapha Town Board does not do it. From the key qualitative data, it was 
established that the predominant follow-up complaints were from the riparian 
communities, business people, farmers, media, and environment action groups about 
dead fish and livestock. Other complaints were about suspended matter which 
contaminates irrigated vegetables, clogs irrigation sprinklers and hydropower generation 
turbines; as well as raw sewerage discharges, leeches, odour and colour. Further the 
respondents from the environmental monitoring agencies were asked if they communicate 
their results to other environmental monitoring agencies, and it was found out that they do 
not. Qualitative data showed that in accordance with the requirements of the treaties (i.e. 
the Interim IncoMaputo Agreement (IIMA) of 2002) the data is entered into a data base 
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and archived at the Water Resource Branch. Also, the data is accessible to researchers, 
and consultants upon request. When asked if they considered it important that they share 
information with other agencies, they said it was highly important. 
 
Table 4.16: Pollution Monitoring Programmes for the Environmental Monitoring 
Agencies 
ENVIRONMENTAL 
MONITORING 
AGENCIES 
MONITORING PROGRAMMES 
Lusushwana River Wastewater 
Treatment 
Plant 
Industries Riparian 
Communitie
s 
Biologic
al 
Assess
ment 
Samplin
g and 
Analysis 
Follow-up 
to 
complaint 
Monitoring and Legislation Enforcement 
Swaziland 
Environmental 
Authority   
None None Yes None Yes None 
Matsapha Town Board  None None None None Yes None 
Ministry of Natural 
Resources & Energy - 
Water Resources 
Branch  
None Yes Yes Yes None None 
Source: Analysis of Survey Data, 2009 
 
Wastewater Monitoring Programmes 
 
Periodic Wastewater Monitoring, Sampling & Analysis by the Environmental 
Monitoring Agencies  
This section is to find out whether or not the environmental monitoring agencies 
periodically monitor wastewater management in the companies, do sampling and 
analyses of the companies‘ wastewaters before and after treatment; and whether they 
communicate the results back to the companies or other agencies.  
 
With regard to periodic/routine wastewater monitoring, from Table 4.15, it is revealed that 
the wastewater treatment plant is largely ignored and only the Water Resources Branch 
does monitoring, but without enforcement. The industries are monitored by two of the 
environmental monitoring agencies, but according to the interviewees‘ remarks, the 
enforcement into compliance is also weak. Thus, it is inferred from the data of Table 4.15 
that monitoring and enforcement of legislative programmes are rather weak and 
uncoordinated. The environmental monitoring agencies when asked if they agree that 
comprehensive pollution monitoring programmes for the Matsapha industrial estate are 
critical for effective pollution monitoring and reduction of pollution, all of them (100%) said 
they strongly agreed.  
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With regard to wastewater sampling and analysis, the cross-tabulation in Table 4.16 
shows that the only the Water Resources Branch do sampling and analysis of 
wastewaters before and after treatment or disposal for the paper mills and Matsapha 
wastewater treatment plant. The agency do not do any sampling and analysis of 
wastewaters for the other companies including the petroleum, mechanics, paint 
manufacturing, dairy, meat abattoir, pharmaceuticals and solid waste landfill. The 
environmental monitoring agencies when asked if they agree that it was important that 
they sample and analyse the wastewaters produced by the companies they monitor, all of 
them (100%) said they strongly agreed.  
  
Table 4.17: Nature of Operation and Wastewater Analysis by Environmental 
Monitoring Agencies Cross-tabulation 
Nature of Operation WW Analysis by Environmental Monitoring 
Agencies 
Total 
Yes No 
Petroleum 0 4 4 
Mechanics 0 6 6 
Beverage 0 3 3 
Textile 0 2 2 
Paint Manufacturer 0 1 1 
Sweets Manufacturer 0 1 1 
Dairy 0 1 1 
Meat Abattoir 0 2 2 
Paper Manufacturing 1 1 2 
Cooking Oil 0 1 1 
Pharmaceutical 0 1 1 
WWTP 1 0 1 
Solid waste landfill 0 1 1 
Total 2 24 26 
Source: Analysis of Survey Data, 2009 
 
Further investigations as shown on Table 4.17, and by qualitative data revealed that, apart 
from the environmental monitoring agency, the Swaziland Water Services Corporation do 
sampling and analysis of COD from some of the industries wastewaters (9 out of 26) 
which are beverage, textile, sweet, dairy, meat, and paper. It transpired from the 
qualitative data that industries are charged extra (on top of the ordinary wastewater 
treatment tariffs) for wastewater treatment if they exceed the Swaziland Water Services 
Corporation COD wastewater quality guideline of 75 mg/L (SWSC, Undated). Sampling 
and analysis is not done on the petroleum, landfill, mechanics, paint, cooking oil, and 
pharmaceutical companies. Even though these companies are not subjected to COD 
penalties, still they are charged for wastewater treatment.  
 
Information gathered from personal communication revealed that the industries not 
specifically monitored by the Swaziland Water Services Corporation are not considered as 
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significant producers of bio-oxidizable organic pollutants such as BOD and COD in 
quantities that could chock the biological wastewater treatment plant (Fakudze, Personal 
Communication; Dlamini, Personal Communication). But still, this programme is 
ineffective as results in Sections 4.3.8 and 4.3.11 show that the Matsapha wastewater 
treatment plant effluent fails to meet the Swaziland wastewater quality standards, and in 
turn pollute the Lusushwana River. Appalling, the unaware industries pay exorbitantly for 
the ineffective programme. Personal communication with the proprietors of the industries 
showed that they are disgruntled about the exorbitant charges by the Swaziland Water 
Services Corporation, and they feel powerless and voiceless because if they do not pay 
the penalties, then Swaziland Water Services Corporation will disconnect their water 
supply mains and their companies would have to close down, a risk too costly to take 
(Boyd, Personal Communication; Dlamini, Personal Communication; Tsabedze, Personal 
Communication). 
 
Table 4.18: Nature of Operation and Wastewater Sampling and Analysis by other 
Agencies Cross-tabulation  
Nature of Operation Wastewater sampling and analysis by other 
agencies 
Total 
Yes No 
Petroleum 0 4 4 
Mechanics 0 6 6 
Beverage 2 1 3 
Textile 2 0 2 
Paint Manufacturer 0 1 1 
Sweets Manufacturer 1 0 1 
Dairy 1 0 1 
Meat Abattoir 2 0 2 
Paper Manufacturing 1 1 2 
Cooking Oil 0 1 1 
Pharmaceutical 0 1 1 
WWTP 0 1 1 
Solid waste landfill 0 1 1 
Total 9 17 26 
Source: Analysis of Survey Data, 2009 
 
Further to sampling and analyses, the respondents from the environmental monitoring 
agencies were asked if they communicate their results back to the companies, and it was 
found out that they do not. Also, the respondents from the environmental monitoring 
agencies were asked if they communicate their results to other environmental monitoring 
agencies, and it was found out that they do not. Qualitative data showed that the data is 
entered into a data base and archived at the Water Resource Branch, and is accessible to 
researchers, and consultants upon request. When asked if they considered it important 
that they communicate their results back to the companies, and share information with 
other agencies, all the agencies said it was highly important. 
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Wastewater Pre-treatment/Treatment, Sampling & Compliance Reports Submission 
Requirements by the Environmental Monitoring Agencies  
The environmental monitoring agencies were asked if they require companies to pre-treat 
or treat their wastewaters, periodically sample and monitor their wastewaters; and to 
periodically submit reports, including technical reports, notification of discharges, periodic 
compliance reports, changes in wastewater strengths or flows, as well as any accidental 
discharges of prohibited or regulated material.  The quantitative results show that none of 
the environmental monitoring agencies subject companies to these requirements. 
 
Pollution Monitoring Programmes in the Riparian Communities Downstream 
of Matsapha 
From Table 4.15, the riparian communities are totally ignored when it comes to monitoring 
and enforcement of environmental legislation in their communities. All the three 
environmental monitoring agencies have no environmental or public health programmes 
targeted towards the riparian communities. When the riparian communities were asked if 
environmental monitoring agencies visit them at their homes to address pollution 
problems, or any other environmental issues, it was revealed that none do. Qualitative 
data showed that two of the riparian communities were aggrieved and sensitive to the 
topic of visitation by Authorities. The Etingulubeni community alleged that the Matsapha 
Town Board is only concerned with evicting them from the land they are occupying and 
not the impacts they are subjected to by the industries in their jurisdiction. Inference made 
from the responses by the riparian communities is that they have no voice, even though 
they may have an opinion they are silent sufferers, their relationship with environmental 
monitoring agencies is not a good one and may affect collaboration towards minimization 
of pollution in the Lusushwana River. However, when the riparian communities were 
asked if they were willing to collaborate with other stakeholders for effective pollution 
monitoring, they all said yes. When asked if it was important that they collaborate with 
other stakeholders for effective pollution management, they all said it was highly 
important. 
 
4.3.10.3 Water & Wastewater Legislation  
 
4.3.10.3.1 Legislation Accessibility & Awareness  
 
Results from Environmental Monitoring Agencies 
The respondents from the environmental monitoring agencies were asked about the 
existence of environmental legislation towards water and wastewater management and 
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monitoring at Matsapha. The Swaziland Environmental Authority and Water Resources 
Branch said that there is legislation in place. The Matsapha Town Board said there is as 
good as none because their legislation does not intensely address various environmental 
issues, and they are refused by the Swaziland Environmental Authority to use the national 
environmental legislation. This allegation was verified with senior management at the 
Swaziland Environmental Authority, and it was confirmed that other agencies cannot use 
the national environmental legislation since they are not custodians of the legislation 
(Dlamini, Personal communication). This conform with literature in Chapter 2 Subsection 
2.9.2.1 which shows that environmental legislation in Swaziland is unclear and 
uncoordinated, it is spread among a number of ministries and agencies, and it is not 
accessible to agencies and departments outside those ministries or agencies.  
 
When asked if the legislation was adequate, the Swaziland Environmental Authority said it 
was adequate since it is broad and addresses various environmental issues. The Water 
Resources Branch stated that they have their own legislation on water resources 
management, and they believe it is adequate. The Matsapha Town Board said that their 
legislation was inadequate since it is general and not specific on the various aspects of 
the environment. When asked if there are any standards in place towards water and 
wastewater management and monitoring only the Swaziland Environmental Authority said 
there is. When asked if they issue the legislation and standards to proprietors of 
companies at Matsapha, all the agencies said they do not. This implies that environmental 
legislation is not enforced at Matsapha, and the companies are not made aware of what is 
legally expected of them.  
 
Results from Proprietors of Companies 
The companies were asked about whether they are aware of the existence of national 
environmental legislation in order to ascertain the justification of their wastewater 
management system or behaviour. The findings in Table 4.18 show that besides the 
petroleum, mechanics, meat abattoir, pharmaceutical and diary companies (14), which 
say that they are unaware of any environmental legislation, the rest of the companies (12) 
say that they are aware of environmental legislation. The proprietors of companies when 
asked if they have any wastewater discharged standards issued to them by environmental 
monitoring agencies, 100% said they do not have. The results show that a majority of 
companies at Matsapha (14 out of 26) are ignorant of legislation and standards (26) 
pertaining to effective wastewater management and pollution minimization in their 
establishments. 
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Table 4.19: Nature of Operation and Awareness on National Environmental 
Legislation Cross-tabulation 
Nature of Operation Awareness on National Environmental 
Legislation 
Total 
Yes No 
Petroleum 0 4 4 
Mechanics 0 6 6 
Beverage 3 0 3 
Textile 2 0 2 
Paint Manufacturer 1 0 1 
Sweets Manufacturer 1 0 1 
Dairy 0 1 1 
Meat Abattoir 0 2 2 
Paper Manufacturing 2 0 2 
Cooking Oil 1 0 1 
Pharmaceutical 0 1 1 
WWTP 1 0 1 
Solid waste landfill 1 0 1 
Total 12 14 26 
Source: Analysis of Survey Data, 2009 
 
4.3.10.3.2 Legislation Enforcement & Effectiveness 
 
Results from Environmental Monitoring Agencies 
When the respondents from the environmental monitoring agencies were asked if they 
enforce legislation on the companies at the Matsapha industrial estate only 2 said they do, 
and 1 does not. The agencies (2) felt the legislation was very ineffective in minimizing 
pollution at the industrial site because it was not adequately implemented due to 
institutional incapability including poor monitoring and follow-ups resulting from shortage 
of resources (e.g. staff, transport, and laboratories to provide scientific evidence). A key 
informant interviewee from one agency mentioned that their form of monitoring and 
legislation enforcement was reactive rather than pro-active, meaning they respond to 
issues when raised by the public or media or when invited by the company for inspection 
in preparation for auditing by their international counterparts.   
 
The agencies (2) mentioned that the form of enforcement was in the form of notices, and 
no activity had been prosecuted for pollution. Results from the quantitative data showed 
that the legislation was adequate to minimize pollution at Matsapha but has some short 
comings, for instance it is focused at certain industries and is not realistic on other 
companies. Further, results from the quantitative data showed that the legislation was not 
adequately implemented since some aspects are not practical, industries are not 
complying as their objective is to make money and view mitigation measures as an added 
cost and standards are lacking. The environmental monitoring agencies when asked if it 
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was important that they enforce legislation on the companies that they monitor, 100% said 
it was highly important. 
 
Results from Companies at Matsapha 
Table 4.19 shows if the environmental monitoring agencies enforce legislation on the 
companies at the Matsapha industrial estate. Out of the 26 companies interviewed only 7 
companies said the environmental monitoring agencies enforce legislation on them, and 
they are the beverage (3), textile (1), and paper (1) industries; Matsapha wastewater 
treatment plant, and Matsapha landfill. 19 companies said that environmental monitoring 
agencies do not enforce legislation on them, and they are the petroleum (4), mechanical 
(6), textile (1), paint (1), sweets (1), dairy (1), meat abattoir (2), paper (1), cooking oil (1), 
and pharmaceutical (1) industries. The proprietor of companies when asked if they agreed 
that it was important that environmental monitoring agencies enforce legislation, 100% 
said that they agreed. 
  
Table 4.20: Nature of Operation and Legislation Enforcement by Environmental 
Monitoring Agencies Cross-tabulation  
Nature of Operation Legislation Enforcement by Environmental 
Monitoring Agencies 
Total 
Yes No 
Petroleum 0 4 4 
Mechanics 0 6 6 
Beverage 3 0 3 
Textile 1 1 2 
Paint Manufacturer 0 1 1 
Sweets Manufacturer 0 1 1 
Dairy 0 1 1 
Meat Abattoir 0 2 2 
Paper Manufacturing 1 1 2 
Cooking Oil 0 1 1 
Pharmaceutical 0 1 1 
WWTP 1 0 1 
Solid waste landfill 1 0 1 
Total 7 19 26 
Source: Analysis of Survey Data, 2009 
 
The proprietors of the 7 companies on whom legislation is enforced were then asked what 
form does enforcement of legislation take. From Table 4.20, 5 the companies said the 
enforcement was through warnings, 1 said it was through court cases and 1 did not know. 
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Table 4.21: Nature of Operation and Form of Legislation Enforcement Cross-
tabulation 
Nature of Operation Form of Enforcement Total 
Warnings Court cases I do not 
Know 
N/A 
Petroleum 0 0 0 4 4 
Mechanics 0 0 0 6 6 
Beverage 2 0 1 0 3 
Textile 1 0 0 1 2 
Paint Manufacturer 0 0 0 1 1 
Sweets Manufacturer 0 0 0 1 1 
Dairy 0 0 0 1 1 
Meat Abattoir 0 0 0 2 2 
Paper Manufacturing 0 1 0 1 2 
Cooking Oil 0 0 0 1 1 
Pharmaceutical 0 0 0 1 1 
WWTP 1 0 0 0 1 
Solid waste landfill 1 0 0 0 1 
Total 5 1 1 19 26 
Source: Analysis of Survey Data, 2009 
 
The proprietors of the 7 companies on whom legislation is enforced were then asked if the 
legislation was effective or not effective in minimizing pollution. From Table 4.21, 3 
companies said the enforcement was very effective, 2 said it was effective and 2 did not 
know. 
 
Table 4.22: Nature of Operation and Legislation Effectiveness or Non-effectiveness 
in Minimizing Pollution 
Nature of Operation Legislation enforcement effective or not effective in 
minimizing pollution 
Total 
 Very effective Effective N/A 
Petroleum 0 0 4 4 
Mechanics 0 0 6 6 
Beverage 2 1 0 3 
Textile 0 1 1 2 
Paint Manufacturer 0 0 1 1 
Sweets Manufacturer 0 0 1 1 
Dairy 0 0 1 1 
Meat Abattoir 0 0 2 2 
Paper Manufacturing 1 0 1 2 
Cooking Oil 0 0 1 1 
Pharmaceutical 0 0 1 1 
WWTP 0 0 1 1 
Solid waste landfill 0 0 1 1 
Total 3 2 21 26 
Source: Analysis of Survey Data, 2009 
 
4.3.10.3.3 Environmental Governance at the Matsapha Industrial Estate  
Environmental governance deals with aspects of legislation requirements, which emanate 
from the Swaziland Environmental Management Act of 2000 (SG, 2000), Water Act, 2003 
(SG, 2003), Public Health Act 5 of 1969 (SG, 1969), and the Trading Licence Order of 
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1975 (SG, 1975); and the extent to which the environmental monitoring agencies 
implement them. The main instruments/indicators used in this study are trading licences, 
environmental compliance certificates, environmental policies, environmental 
management systems/best practice, and wastewater effluent discharge permits. These 
indicators measure the extent to which companies are aware of environmental legislation 
and are implementing them to guide operations in their businesses. 
 
Results from Proprietors of Companies 
 
Trading Licences, Environmental Compliance Certificates, Environmental Policies, 
and Environmental Management Systems/Best Practice 
This section seeks to find out whether the companies at Matsapha do receive trading 
licences, and environmental compliance certificates from the environmental management 
agencies; and whether they have environmental policies, and implement environmental 
management systems/best practices in their operations. When these requirements are 
assessed against the companies in the study area, it emerges from Figure 4.42 that all the 
companies (100%) have trading licences; but only 12 % of the companies have 
environmental compliance certificates, while  8% have environmental policies and 
environmental management systems respectively. This implies that apart from the trading 
licence requirements, the other environmental compliance requirements are not adhered 
to. The inference drawn here is that whereas companies are interested in complying with 
commercial or trading requirements by obtaining licences to legitimize and run their daily 
business for profit, they are less concerned about the requirements that address the 
environmental issues.  
 
 
Figure 4.43: Companies with Environmental Compliance Instruments 
Source: Analysis of Survey Data, 2009 
 
The cross-tabulation in Table 4.22 gives the details of the companies that possess 
environmental compliance certificates. Apart from some beverage and textile companies 
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which possess environmental compliance certificates, all the other companies do not 
possess any compliance certificates. The researcher saw that possession of an 
environmental compliance certificate does not necessarily mean that the company is fully 
environmentally compliant. The weakness on the compliance certificates was that they did 
not have expirer or renewal dates. In most of the companies, the compliance certificates 
had been issued more than 5 years ago. Hence, it could be inferred that the legislation 
was inadequate, obsolete and not effective. The proprietors of companies when asked if 
they agreed that it was essential that they obtain environmental compliance certificates in 
order to effectively manage their wastewaters and reduce pollution, they all said (100%) 
they strongly agreed. 
 
Table 4.23: Nature of Operation and Possession of Environmental Compliance 
Certificates Cross-tabulation 
Nature of Operation Possession of valid environmental compliance 
certificate  
Total 
Yes No 
Petroleum 0 4 4 
Mechanics 0 6 6 
Beverage 2 1 3 
Textile 1 1 2 
Paint Manufacturer 0 1 1 
Sweets Manufacturer 0 1 1 
Dairy 0 1 1 
Meat Abattoir 0 2 2 
Paper Manufacturing 0 2 2 
Cooking Oil 0 1 1 
Pharmaceutical 0 1 1 
WWTP 0 1 1 
Solid waste landfill 0 1 1 
Total 3 23 26 
Source: Analysis of Survey Data, 2009 
 
With the possession of environmental policy and environmental management systems, 
only the textile company and one beverage company have them (Table 4.23). From the 
qualitative data, it emerged that the most common environmental management system or 
best practice adopted by the companies includes: ISO 14001:2004 standards, ISO 
9001:2000 quality standards, Food Safety Standard (HACCP); Safety, Health, 
Environment and Quality standards (SHEQ). The respondents when asked if the best 
practices are beneficial all said (100%) they were highly beneficial. The proprietors of 
companies when asked if they agreed that it was essential that they implement 
environmental policies and environmental management systems in order to effectively 
manage their wastewaters and reduce pollution, they all said (100%) they strongly agreed. 
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Table 4.24: Nature of Operation and Possession of Environmental Policy Cross-
tabulation  
Nature of Operation Possession of an environmental policy and 
environmental management systems 
Total 
Yes No 
Petroleum 0 4 4 
Mechanics 0 6 6 
Beverage 1 2 3 
Textile 1 1 2 
Paint Manufacturer 0 1 1 
Sweets Manufacturer 0 1 1 
Dairy 0 1 1 
Meat Abattoir 0 2 2 
Paper Manufacturing 0 2 2 
Cooking Oil 0 1 1 
Pharmaceutical 0 1 1 
WWTP 0 1 1 
Solid waste landfill 0 1 1 
Total 2 24 26 
Source: Analysis of Survey Data, 2009 
 
Wastewater Effluent Discharge Permits or Consents 
This section seeks to find out whether the companies which discharge their effluent into 
the Lusushwana River, wastewater treatment plant, septic tanks and storm water drains 
do receive wastewater effluent discharge permits from the relevant authorities. From the 
cross-tabulation in Table 4.24, the companies with their corresponding numbers regarding 
lack of discharge permits are: all the petroleum (4), mechanic companies (6), paint 
manufacture (1), cooking oil (1), pharmaceutical (1), wastewater treatment Plant (1), and 
solid waste landfill (1) companies. None of these have obtained any discharge permits. 
Whereas 2 beverage companies obtain discharge permit, 1 does not. Similarly 1 paper 
manufacturing have obtain permit while 1 does not. But all the textile companies (2), 
sweet manufacturing (1) and dairy (1) have obtained discharge permits. From the cross-
tabulation table, only 35% (9 out of 26) companies have discharge permits, while 65% 
(17) do not have any. Qualitative results shows that the discharge permits/consents are 
issued by the Swaziland Water Services Corporation. 
 
Table 4.25: Nature of Operation and Wastewater Discharge Permit Cross-tabulation  
Nature of Operation Wastewater  Discharge Permit Total 
Yes No 
Petroleum 0 4 4 
Mechanics 0 6 6 
Beverage 2 1 3 
Textile 2 0 2 
Paint Manufacturer 0 1 1 
Sweets Manufacturer 1 0 1 
Dairy 1 0 1 
Meat Abattoir 2 0 2 
Paper Manufacturing 1 1 2 
Cooking Oil 0 1 1 
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Nature of Operation Wastewater  Discharge Permit Total 
Yes No 
Pharmaceutical 0 1 1 
WWTP 0 1 1 
Solid waste landfill 0 1 1 
Total 9 17 26 
Source: Analysis of Survey Data, 2009 
 
The previous discussion points out that 65% of companies do not have discharge permits. 
This discussion therefore finds out from the proprietors of the companies the reasons why 
they do not have discharge permits. From Figure 4.43, the reasons offered for the lack of 
the discharge permits are lack of awareness of the need for discharge permits (50%); lack 
of enforcement by authorities for discharge permits (58%); and the belief that a company 
is exempted by law (the Water Services Corporation Act, of 1992) from obtaining a 
discharge permit (8%). This implies that awareness and enforcement of legislation are the 
two most important factors that determine the need for acquisition of discharge permits by 
majority of the companies in the study area. This is confirmed by one key informant who 
commented: „‟since the operation of this industry, I have not seen any environment 
inspector come to this place to explain or tell us the need for the discharge permits.‟‟ The 
issue of empowerment by law to treat and discharge wastewaters into rivers confirms 
allegations by literature (Chapter 2 Subsection 2.9.2.1) that Swaziland environmental 
legislation is flawed, contradictory, not in harmony, and is fundamentally not conducive for 
effective water and wastewater management. The proprietors of companies when asked if 
they agreed that it was essential that they obtain wastewater discharge permits in order to 
effectively reduce pollution, they all said (100%) they strongly agreed. 
 
 
Figure 4.44: Proprietors of Companies’ Reasons for Lack of Wastewater Discharge 
Permits 
Source: Analysis of Survey Data, 2009 
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Compliance with Effluent Discharge Conditions 
This discussion finds out whether the companies with discharge permits do comply with 
the discharge conditions. From Figure 4.44, only 4% of the companies with discharge 
permits comply with the legislative effluent discharge conditions. The N/A (65%) 
represents those who do not have discharge permits and so do not participate in 
answering the question. Relatively, the overwhelming majority of companies which have 
the discharge permits (35%) do not comply with the legislative effluent discharge 
conditions. This finding implies that having effluent discharge permits do not necessarily 
imply compliance with environmental legislation or permit conditions. The proprietors of 
companies when asked if they agreed that it was essential that they comply with the 
wastewater discharge conditions in order to effectively reduce pollution, they all said 
(100%) they strongly agreed. 
 
 
Figure 4.45: Compliance with Effluent Discharge Conditions 
Source: Analysis of Survey Data, 2009 
Results from Environmental Monitoring Agencies 
 
Trading Licences, Environmental Compliance Certificates, Environmental Policies, 
Environmental Management Systems/Best Practice 
This section measures the extent to which the environmental monitoring agencies 
monitors and enforces environmental legislation in particular the Trading Licences Order, 
1975 (SG, 1975), Public Health Act, 1969 (SG, 1969), Environmental Management Act, 
2000 (SG, 2000), the Environmental Audit, Assessment and Review Regulations, 2000 
(SG, 2000), and the Water Act of 2003 (SG, 2003), which stipulate environmental 
compliance requirements (such as trading licences, environmental compliance 
certificates, environmental policies, environmental management systems/best practice, 
and wastewater effluent discharge permits) which companies have to  comply with, and 
how many of them have complied. This again indicates the extent to which the 
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environmental monitoring agencies monitors and enforces environmental legislation in the 
urban area. 
 
The environmental monitoring agencies when asked if the companies they monitor have 
trading licences, the results shows that only the Matsapha Town Board is engaged in the 
licensing of companies. The respondent from the Matsapha Town Board said that all the 
companies (100%) have trading licences (Table 4.25). The qualitative data shows that 
according to the Public Health Act (SG, 1969) when a company lodge a trading licence 
application for a grant, renewal, or transfer with the Commerce Department, it need to first 
get a health clearance report/certificate from the Town Board. The respondent from the 
Town Board mentioned that this procedure is followed especially with the grants but is 
flawed with renewals and transfers. This reveals that the trading licence if conducted 
efficiently and effectively could be a good instrument for enforcing legislation at Matsapha. 
Personal observation by the researcher revealed that some companies do not have 
trading licences on the premises and claim that the licences are at the headquarters 
outside the country.  This is not correct procedure for licensing and the environmental 
monitoring agencies need to ensure that companies have trading licences displayed on 
their premises as per the requirements of the Trading Licence Order (SG, 1975) and the 
Public Health Act (SG, 1969). 
 
The environmental monitoring agencies when asked if the companies they monitor have 
environmental compliance certificates the results shows that only the Swaziland 
Environmental Authority is engaged in the issuance of environmental compliance 
certificates. The respondent from the Environmental Authority mentioned that a few 
companies (13 out of 26) have environmental compliance certificates (Table 4.25). From 
the qualitative data it transpired that most companies were already in existence when the 
Environmental Audit, Assessment and Review Regulations (SG, 2000) came into effect 
hence the low number of companies with compliance certificates.  However, the 
respondent from the Environmental Authority mentioned that companies that were in 
existence when the regulations came into force are suppose to conduct environmental 
audits in order to obtain the certificates. The respondent mentioned that this process was 
slow since there is shortage of staff to enforce the regulation. A weakness that was 
noticed by the researcher on the environmental compliance certificates was that they do 
not have an expiry date, and the regulations are silent on renewal requirements. This is an 
indication of the apparent weakness of the environmental monitoring agencies in 
enforcing environmental legislation and educating and raising awareness among the 
companies on environmental regulations and guidelines and the need to comply.  
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 The environmental monitoring agencies when asked if the companies they monitor have 
environmental policies, best management practice or environmental management 
systems in place, the results show that 16 out of 26 companies have them (Table 4.25). 
Environmental policies and environmental management systems even though not 
mandatory, measures the extent to which companies are aware of environmental policies 
and are implementing them to guide operations in their businesses. It measures the extent 
to which businesses can achieve sustainable development in general. The less number of 
companies implementing these approaches shows the inability of the environmental 
monitoring agencies to monitor and raise awareness on important environmental issues 
affecting businesses in Matsapha.  
 
Table 4.26: List of companies with Trading Licences, Environmental Compliance 
Certificates, Environmental Policies & Environmental Management Systems 
NATURE OF 
OPERATIONS  
COMPANIES 
WITH 
TRADING 
LICENCES 
COMPANIES WITH 
ENVIRONMENTAL 
COMPLIANCE 
CERTIFICATES 
COMPANIES WITH 
ENVIRONMENTAL 
POLICIES   
COMPANIES WITH 
ENVIRONMENTAL 
MANAGEMENT 
SYSTEMS 
Petroleum 4                              1                                                                                                        4                                      4                                      
Mechanics 6                               2                               2                               2 
Beverage 3                               2                               2                               2 
Textile 2                               2                               2                               2 
Paint Manufacturer 1                               0                               0                               0 
Sweets Manufacturer 1                               1                               1                               1 
Dairy 1                               1                               1                               1 
Meat Abattoir 2                               2                               2                               2 
Paper Manufacturing 2                               1                               1                               1 
Cooking Oil 1                               1                               1                               1 
Pharmaceutical 1                               0                               0                               0 
WWTP 1                               0                               0                               0 
Solid waste landfill 1                               0                               0                               0 
Total                  26                             13                             16                             16 
Source: Analysis of Survey Data, 2009 
 
Wastewater Effluent Discharge Permits or Consents 
This section measures the extent to which the environmental monitoring agencies 
monitors and enforces environmental regulations and standards in particular the Water 
Act, 2003 which stipulate the need for companies to have wastewater effluent discharge 
permits and to  comply with effluent discharge conditions, and how many of them have 
complied. The respondents from the environmental monitoring agencies when asked if 
they issue wastewater effluent discharge permits to the companies that they monitor, it 
was revealed that none of them does. Quantitative results show that according to the 
Water Act of 2003 (SG, 2003), the Water Resource Branch has the responsibility and 
obligation to issue wastewater effluent discharge permits, but they are not implementing 
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the legislation. This confirms earlier allegations that environmental legislation in Swaziland 
is fragmented, uncoordinated, and not enforced (Chapter 2 Section 2.9.2); and that 
environmental legislation enforcement at Matsapha is lax (Chapter 2 Section 2.5.2).  
 
Results from key informant interviewees revealed that the Swaziland Water Services 
Corporation is mandated by the Water Services Corporation Act, 1992 (SWSC, 1992) to 
provide water and wastewater treatment services; and to regulate wastewater discharges 
to the wastewater collection and treatment system in Swaziland. On inception, companies 
have to apply for wastewater connection into the sewer line. A well informed respondent 
mentioned that significant companies (those companies that are considered to have a 
reasonable potential to adversely affect the operation of the wastewater treatment plant) 
are then subjected to wastewater discharge limitations/guidelines developed by the 
Swaziland Water Services Corporation (SWSC, Undated). An extra charge is imposed on 
the companies based on the type and volume of the wastewater discharged. However, the 
respondent mentioned that the system is not uniform, it is selective and targeted at 
companies known by trade to produce high levels of COD, and hence it is not 
implemented fairly across the companies. This implies that other environmentally 
significant parameters such as nutrients and heavy metals are not regulated; and some 
companies have more stringent requirements than other types of companies.  
 
Summary 
This section has identified the resources to manage wastewater within the companies and 
to monitor pollution by the environmental monitoring agencies. So far there are not 
enough resources (financial, human, technical, and structural) for effective wastewater 
management and pollution monitoring at Matsapha. Also, this section looked at what is 
done about wastewater management and pollution monitoring at Matsapha. At present 
wastewater management and pollution monitoring programmes at Matsapha are 
inadequate. They are either non-existent or ineffective and they are not regulated. 
Additionally, the programmes are adhoc and piecemeal (done in an unplanned, and 
disorganised or fragmented way), which shows lack of collaboration among the 
stakeholders. Even though Sections 4.3.9 and 4.3.10 shows that some companies have 
best environmental management strategies/programmes such as wastewater pre-
treatment/treatment and re-use, other best environmental management 
practices/strategies are not adopted.  Finally, this section looked at what is done about 
enforcement of legislation at Matsapha. Apparent from the results is that environmental 
legislation in Swaziland is fragmented and uncoordinated. At present environmental 
legislation is not enforced at Matsapha. There is lack of environmental legislation 
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awareness which makes companies to be none compliant to legislation essential in 
minimizing pollution; and ensuring sustainable development. 
 
4.3.11 Subsidiary Research Question 8 
This section answers the subsidiary research question: What are the drivers and barriers 
to effective wastewater management and pollution monitoring at Matsapha? 
 
4.3.11.1 Drivers to Effective Wastewater Management for Proprietors of Companies 
From Figure 4.45, environmental responsibility is the biggest driver to effective 
wastewater management (85%), followed by best environmental practice (81%). The next 
in line regarding drivers to effective wastewater management are the company‘s 
reputation (65%) which they want to protect and international market standards which they 
want to comply with in order to maintain their business links (50%). Incentives and 
disincentives as well as state of environmental reporting are 19% of the drivers, while 
negative publicity in the form of naming and shaming polluters only forms 12% of the 
drivers. These latter figures suggest that the companies are not driven by incentives or 
disincentives. And they do not care so much about negative publicity against their 
operations. Possibly the authorities concerned (the environmental monitoring agencies) 
are not monitoring and applying the necessary sanctions against pollution defaulters. The 
key drivers to effective wastewater management mentioned by key informant interviewees 
are similar to those raised by the proprietors of companies. They are regarded as policies 
from international sister companies including the need for implementing ISO standards, 
environmental policies, and best practice strategies; international market standards, 
technological advancement including technology transfer. Two fresh drivers mentioned by 
the key informant interviewees are pay bonus, and finance availability. This shows that 
staff satisfaction and motivation is important in achieving environmental compliance, and 
thus pollution prevention. The availability of finances can drive staff to execute wastewater 
management requirements, and lack of it leaves staff frustrated as they cannot achieve 
requirements. 
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Figure 4.46: Drivers to Effective Wastewater Management for Proprietors of 
Companies 
Source: Analysis of Survey Data, 2009 
 
4.3.11.2 Barriers to Effective Wastewater Management for Proprietors of Companies 
Barriers to effective wastewater management mentioned (Figure 4.46) were in order of 
decreasing prominence: lack of capacity, lack of technical know-how, and lack of training 
and development (86% each); lack of monitoring by environmental monitoring agencies 
(77%); lack of awareness and technical support as well as lack of best practice (73%); 
lack of standards (62%); lack of systematic management approach (54%); poor 
management support and commitment (35%); lack of finance as well as lack of 
collaboration with other stakeholders (27%); lack of technical personnel in Swaziland 
(20%); and lack of legislation enforcement on the polluters (19). This implies that 
personnel, skills development, laboratories for testing for pollutants, lack of monitoring and 
legislation enforcement. are barriers to achieving effective wastewater management in the 
study area. 
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Figure 4.47: Barriers to Effective Wastewater Management for Proprietors of 
Companies 
Source: Analysis of Survey Data, 2009 
 
4.3.11.3 Drivers to Effective Water & Wastewater Resources Monitoring for 
Environmental Monitoring Agencies 
With respect to drivers, the environmental monitoring agencies (Figure 4.47) find that 
organizational reputation, environmental obligation, systematic management approach, 
negative publicity and employment contract (fear of joblessness) (100%) are the top most 
drivers to effective water and wastewater monitoring. Stringent legislation, international 
policies, civic pressure, innovative technology, community responsiveness, increasing 
water demand,  internal pressure, and the state of the environment reporting (each 67% of 
respondents‘ opinion) are the next issues that can create drive to effective monitoring. 
These results show that even though the environmental monitoring agencies see effective 
monitoring instruments with different degree of perception, they all attach importance to 
the way these issues could be applied towards effective environmental monitoring.  
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Figure 4.48: Drivers for Effective Water & Wastewater Monitoring for Environmental 
Monitoring Agencies 
Source: Analysis of Survey Data, 2009 
 
4.3.11.4 Barriers to Effective Water & Wastewater Resources Monitoring for 
Environmental Monitoring Agencies 
From Figure 4.48, the environmental monitoring agencies see lack of monitoring capacity, 
lack of legislation enforcement, and lack of finances (limited budget) as strongest barriers 
with a 100% score. These are followed by lack of standards, technical personnel in 
Swaziland, technical resources, systematic management approach, innovative 
technology, environmental institution, monitoring by those in authority; and poor 
management commitment and support with 67% score each. Other barriers of importance 
but of less score (i.e. 33%) are inadequate legislation; none accreditation of laboratory; 
bureaucratic financial system;  lack of training and development, awareness and technical 
support, political support, judiciary support, and collaboration with other stakeholders. 
Considering the significance of the scores, it is evident that staff shortage and lack of 
funds or budget are one of the key barriers that environmental monitoring agencies find 
obstructing proper monitoring of the environmental pollution at Matsapha urban area. 
These capacity development and funding issues keep on resonating among all the 
stakeholders as key factors for enhancement or barriers to effective environmental 
management.  
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Figure 4.49: Barriers to Effective Water and Wastewater Monitoring for 
Environmental Monitoring Agencies 
Source: Analysis of Survey Data, 2009 
 
Summary 
This section has identified various drivers and barriers for wastewater management and 
for pollution monitoring at Matsapha. Staff shortage and lack of funds are some of the key 
barriers that environmental monitoring agencies find obstructing effective pollution 
monitoring at Matsapha. Lack of monitoring, technical know-how, and technical advice are 
some of the key barriers that proprietors of companies find obstructing proper wastewater 
management by them. Protecting the company‘s reputation was a common driving factor 
among the proprietors of companies and environmental monitoring agencies to encourage 
effective wastewater management and pollution monitoring.  
 
4.3.12 Subsidiary Research Question 9 
This section answers the subsidiary research question: What contemporary pollution 
monitoring instruments; and  incentives and disincentives are needed to achieve reduction 
in pollution of the Lusushwana River at Matsapha? This section describes the 
contemporary pollution management instruments and incentives and disincentives  (used 
at a global scale) considered appropriate by the environmental monitoring agencies, and 
proprietors of companies to prevent and minimize pollution at Matsapha.  
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4.3.12.1 Contemporary Pollution Management Instruments  
 
4.3.12.1.1 Contemporary Pollution Management Instruments Recommended by 
Environmental Monitoring Agencies 
From Figure 4.53, environmental monitoring agencies see that licensing and authorization 
as well as command and control instruments (100%) could be the most effective pollution 
control instruments. These are followed by economic and persuasive instruments as the 
next important management instruments with a score of 68% each. However, it is 
important to state that recognising them as important is one thing and applying them for 
pollution control and management is another. 
 
 
Figure 4.50: Recommended Contemporary Pollution Management Instruments by 
Environmental Monitoring Agencies 
Source: Analysis of Survey Data, 2009 
 
4.3.12.1.2 Contemporary Pollution Management Instruments Recommended by the 
Proprietors of Companies 
This section is about management instruments that the proprietors recommend in an 
attempt to prevent or curb pollution in the study area. From Figure.4.54, a majority of the 
proprietors (92%) are of the view that there is the need for proper command and control 
mechanisms in order to stop pollution. The next most recommended instrument for 
pollution control (72%) is the need for proper licensing and authorization to operate. 
Those who recommend the use of persuasion and economic instruments to prevent 
pollution are 54% and 42% respectively. 
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Figure 4.51: Recommended Contemporary Pollution Management Instruments by 
Proprietors of Companies 
Source: Analysis of Survey Data, 2009 
 
4.3.12.2 Incentives & Disincentives Recommended by the Riparian Communities 
 
4.3.12.2.1 Incentives & Disincentives Recommended by the Riparian Communities 
The recommended incentives suggested by the riparian communities downstream of 
Matsapha (Figure 4.49) in decreasing order of importance are: awards (42%), positive 
publicity (39%), educational and technical support (38%) and financial incentives (26%). 
 
 
Figure 4.52: Recommended Incentives by the Riparian Communities Downstream of 
Matsapha against Pollution 
Source: Analysis of Survey Data, 2009 
 
With regard to the disincentives (Figure 4.50), the majority of the respondents (96%) 
recommend the need for prosecution and penalties of pollution offenders, while 20% 
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recommend the need to withdraw the discharge permits of offenders. Other 
recommendations include the need for withdrawal of trading licences (17%) and negative 
publicity (16%). 
 
 
Figure 4.53: Recommended Disincentives by the Riparian Communities 
Downstream of Matsapha for Pollution 
Source: Analysis of Survey Data, 2009 
 
4.3.12.2.2 Incentives & Disincentives Recommended by the Proprietors of Companies  
When asked about the appropriate incentives for non-polluters to encourage non-pollution 
(Figure 4.51), most respondents (96%) recommended the use of environmental 
awareness and technical support; followed by financial incentives (81%); positive publicity 
(73%); and awards (66%), in that order. This implies that campaign to create awareness 
about the pollution problems, technical and financial supports are essential to promote 
non-pollution. 
 
 
Figure 4.54: Recommended Incentives for Non-polluters by Proprietors of 
Companies 
Source: Analysis of Survey Data, 2009 
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In terms of disincentives to discourage pollution (Figure 4.52), majority (92%) recommend 
the use of penalties to achieve this; followed by the use of environmental taxes (86%) and 
withdrawal of trading licenses (62%). Negative publicity and withdrawal of discharge 
permits which account for 43% and 23% of the responses respectively are least among 
the recommended disincentives mentioned by the proprietors. Considering that those 
recommending penalties and the use of environmental taxes are high, and those for 
negative publicity and trading licence withdrawal are low, it implies that environmental 
taxes could be a significant disincentive to discourage pollution by the proprietors. 
 
 
Figure 4.55: Recommended Disincentives to Polluters by Proprietors of Companies 
Source: Analysis of Survey Data, 2009 
 
4.3.12.2.3 Incentives & Disincentives Recommended by the Environmental Monitoring 
Agencies 
When asked about the appropriate incentives for non-polluters to encourage non-
pollution, all the respondents (100%) recommended the use of positive publicity, 
awareness and technical support, financial incentives, and awards. In terms of 
disincentives to discourage pollution all the respondents (100%) recommend the use of 
negative publicity, environmental taxes, penalties, withdrawal of effluent discharge permit, 
and withdrawal of effluent discharge. 
 
Summary 
This section describes contemporary pollution management instruments, incentive and 
disincentive options offered by the riparian communities downstream of Matsapha, 
environmental monitoring agencies, and proprietors of companies in an attempt to prevent 
and minimize pollution.  Stricter licensing and authorization, and command and control of 
companies with respect to wastewater discharges are needed. Greater publicity needs to 
be given to draw the attention of stakeholders to environmental pollution issues. 
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4.4 Conclusion to this Chapter  
This chapter presented the patterns of results against the research questions outlined in 
Chapters 1, 2, and 3. The discussion of the results was based on quantitative and 
qualitative analysis. The quantitative and qualitative results are complementary and not 
mutually exclusive. Matrices are used in presenting the qualitative results. To satisfy the 
requirement for trustworthiness in qualitative research, it was necessary to provide 
detailed quotations and other evidence for the patterns found in the data together with the 
sources of the quotations so that patterns could be synthesised from the data without 
losing sight of the rich qualitative sources on which they were based. Hence, specific 
examples and quotations to further corroborate the existence of the pattern in the data are 
presented in the qualitative results. Frequent summary tables of statistical data and 
figures of results are presented in the quantitative results so that the reader can easily see 
patterns in the mass of data presented in this chapter, be able to follow the arguments, 
and gain an overall picture of the findings.In order to meet the stated objectives of the 
research questions (Chapter 1 Table 1.2), the necessary data and related information 
were collected and analysed in detail. A longitudinal study of water quality at 7 key 
sampling points in the Lusushwana River was undertaken between July and December 
2009 in order to gather data on variables essential for assessment of the water quality 
status, which include temperature, pH, colour, EC, COD, turbidity, hardness, nitrate, 
nitrite, phosphate, fluoride, iron, manganese, cadmium, aluminium, Total coliforms and 
Faecal coliforms. The key findings of the water quality assessment show that water quality 
in terms of temperature, colour, hardness, and fluoride are good and meet the Swaziland 
surface water quality standards (SG, 1999). However, all the other parameters are 
generally in excess of the minimum acceptable value, indicating organic, inorganic, and 
microbial pollution; and excessive nutrient enrichment in the Lusushwana River. From the 
biological assessment, the Lusushwana River had abundance of leeches, and Barbel fish 
species, which are associated with polluted waters.  
 
The current and potential anthropogenic sources of water pollution in the Lusushwana 
River at Matsapha were identified.  Some pollution of the Lusushwana River occurs from 
upstream of Matsapha. Point sources of pollution are the Swazi paper mills, the sewer 
line, and the wastewater treatment plant.  Non-point sources of pollution include storm 
water drains, irrigation water returns, and surface run off.  Instantaneous sources of 
pollution are petrochemical haulage trucks. With the exception of the wastewater from the 
sewer line which does not receive any form of treatment, the wastewaters from the Swazi 
paper mills, and wastewater treatment plant receive pre-treatment and biological 
treatment respectively. All the same, the companies discharge environmentally significant 
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pollutants into the Lusushwana River including colour, turbidity, COD, nitrate, phosphate, 
manganese, iron, and Faecal coliforms. The results show that there is an association 
between the companies at Matsapha and the water quality of the Lusushwana River. 
Pollution of the Lusushwana River by the companies has been suspected and the results 
have proven it. The pollution pathways into the Lusushwana River were identified as direct 
and indirect. The point source pollutants take direct pathways into the Lusushwana River, 
while the non-point source pollutants are discharged through the indirect pathway either 
though surface run off or by storm water drains. It was established that there is no gauge 
station at the Lusushwana River at the Matsapha industrial estate, which made it 
impossible to determine how much pollution the Lusushwana River can receive and still 
meet water quality standards. However, personal observation and qualitative results 
showed that the Lusushwana River flow at the discharge points is very low, and dilution 
was poor due to the impoundment and diversion of the river for potable water supply, 
hydro power generation and recreation ponds further up the industrial estate. 
 
The results showed that all the riparian communities use the Lusushwana River for 
domestic, recreation, and livelihood purposes. Water quality issues and concerns raised 
by the riparian communities included visibility of colour, odour, bad taste, turbidity, 
foaminess, murkiness and suspended solids. The probable impacts raised by the riparian 
communities  were (a) health impacts including diarrhoea and stomach ache, skin 
problems, headache, nausea and vomiting (b) human safety impacts including an 
abundance of leeches, poor visibility, algal bloom and eutrophication (c) aesthetic impacts 
including bad taste, colour, odour, discolouration and staining, objectionable floating 
matter,  and nuisance plants (d) economic/livelihoods impacts including dying fish and 
livestock, contaminated vegetables and damage to equipment. The direct causal link 
between health and economic impact, and the water quality are difficult to prove, but are 
all consistent with what literature states. The aesthetic, human safety and water use 
restriction impacts can all be attributed to poor water quality. The results showed that 
wastewater management, monitoring and legislation enforcement were poor. Hence, 
various actions were recommended to reduce pollution of the Lusushwana River including 
the use of incentives and disincentives such as positive publicity and penalties, the 
application of contemporary pollution management approaches such as licensing and 
authorization, and command and control instruments. Besides these approaches, other 
practical interventions recommended were collaboration of all stakeholders, formation of 
an environmental institution to represent the interests of the downstream communities, 
and effective pollution reporting structures.   
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Chapter 5: Discussions & Implications of the Findings 
 
5. 1 Introduction to this Chapter 
Chapter 4 presented data analysis and summary of the results. This chapter aims to 
provide the discussions of the research findings with special reference to the hypotheses 
and each research question presented in chapters 1, 2, 3, and 4. Findings for each 
research question are summarised from Chapter 4 and explained within the context of this 
and prior research examined in Chapter 2. Further, the chapter discusses the implications 
of the findings for pollution control and management of the Lusushwana River; and 
depicts the proposed environmental pollution management model for the Matsapha 
industrial estate. 
 
5.2 Hypothesis Testing 
The hypotheses that need testing in the light of the research findings from Chapter 4 are: 
1. ―The anthropogenic sources of pollution to the Lusushwana River and the 
associated impacts to the riparian communities can be identified.‖ 
2. ―A combination of monitoring, legislation enforcement, and collaboration of 
stakeholders could achieve effective wastewater management and reduction of 
pollution of the Lusushwana River. ― 
 
Thus, the answers provided below are based on the proposition or assumption that 
sources of anthropogenic pollution can be identified, their impacts assessed; and that 
collaborative actions by the stakeholders (users, companies and environmental monitoring 
agencies) could minimize the pollution of the Lusushwana River. So far, however, the 
literature has failed to provide empirical evidence about the sources and extent of 
pollution of the Lusushwana River at Matsapha. Therefore the above-mentioned 
hypotheses were developed for the study to help provide empirical evidence of the 
sources and extent of wastewater pollution on the Lusushwana River, and the impacts the 
pollution has on the riparian communities downstream of Matsapha. This should lead to 
suggesting recommendations on actions that can be taken to minimize the pollution based 
on social, technical, environmental, financial, and institutional factors. Based on these 
issues the following findings emerged to address the hypotheses: 
 Anthropogenic pollution to the Lusushwana River as perceived by interviewees as 
well as by direct personal observations by the researcher come from point, non-
point and instantaneous sources. Point sources of pollution are those that 
discharge wastewaters directly into the Lusushwana River or its tributaries, and 
these were identified as the Matsapha wastewater treatment plant, sewer line 
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(including booster pumps, retention tank and manholes), and the Swazi paper 
mills. Also, indiscriminate dumping of waste into the Lusushwana River was 
identified as a form of point source pollution. The non-point sources of 
anthropogenic pollution include storm water drains; urban, peri-urban and rural run 
off; and irrigation water returns. Instantaneous pollution could result from loaded 
petroleum transportation tankers parked for long hours or overnight along the King 
Sobhuza II Avenue Road which is the Central Business District (CBD) of the 
Matsapha industrial estate (Chapter 4 Section 4.3.6).  
 The probable pollution impacts cited by the riparian communities downstream of 
Matsapha were:  
 Human health impacts including diarrhoea and stomach ache, skin 
problems, headache and nausea (Chapter 4 Subsection 4.3.9.1.1).  
 Human safety impacts including poor visibility, leeches, algal blooms, 
and eutrophication (Chapter 4 Subsection 4.3.9.1.2).  
 Water user category/water use restriction impacts including very high 
restriction for domestic (cooking, drinking, washing) and recreation 
purposes, fishing, and irrigation; and high restriction on sand mining 
and farming (Chapter 4 Subsection 4.3.9.1.3).  
 Aesthetic impacts including objectionable floating matter, odour, 
nuisance plants, colour, and discoloration and staining (Chapter 4 
Subsection 4.3.9.1.4).  
 Economic impacts including dying fish, dying livestock, contamination 
of vegetables, and damages to equipment (Chapter 4 Subsection 
4.3.9.1.5). 
 Surface water pollution monitoring and wastewater management programmes 
were, to a large extent, substandard, informally organized, ineffective or non-
existent, and unregulated (Chapter 4 Section 4.3.10.2). 
 Environmental legislation enforcement is lax, inconsistent, and ineffective (Chapter 
4 Section 4.3.10.3). 
 There is lack of collaboration by stakeholders (Chapter 2 Section 2.9 and Chapter 
4 Section 4.3.4.2). 
 
As previously believed (Chapter 2 Section 2.5.2), these findings in regard to the 
hypotheses show that pollution by anthropogenic activities at Matsapha is occurring in the 
Lusushwana River and it is causing impacts to the riparian communities downstream of 
Matsapha. The study has also revealed some pollution occurs upstream from Matsapha.  
In Chapter 4 Section 4.3.4 evidence of pollution of the Lusushwana River is portrayed 
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through biological assessment, personal observation, and technical experiments. Results 
from technical experiments (Chapter 4 Section 4.3.7) show that physical, chemical and 
bacteriological pollutants (including colour, EC, turbidity, COD, nitrate, phosphate, iron, 
manganese, aluminium, Total coliforms and Faecal coliforms) discharged by the 
Matsapha wastewater treatment plant, sewer line, and Swazi paper mills into the 
Lusushwana River were consistently above the Swaziland surface water quality 
standards (SG, 1999). Literature (Chapter 2 Section 2.6 and 2.7) shows that these 
pollutants do not only affect surface water quality, making it unsuitable for drinking, 
cooking, washing, recreation, irrigation and animal drinking, but may result in greater 
pollution impacts affecting human, flora, and fauna populations. Polluted waters may 
contain microbial pathogens such as bacteria, protozoa and viruses which may cause 
water-borne diseases such as typhoid, bacillary dysentery, amoebic dysentery, botulism, 
poliomyelitis, skin diseases and cancer (Sigh, 2001). The presence of nutrients such as 
phosphate and nitrogen promote excessive plant growth, eutrophication and algal bloom. 
Oxidising and reducing agents such as COD in water causes the depletion of oxygen, foul 
odour, and microbial growth (UNEP Gems/Water programme, 2008).  
 
From the biological assessment (Chapter 4 Section 4.3.7), the Lusushwana River had 
abundance of leeches, which is associated with poor to bad water quality (Van Damme, 
2001). Various fish species known to be habitant in the Lusushwana River such as 
Oreochromis mossambicuss, Clarias gariepinus, Barbus marequensis and Microalestes 
acudiens (Dlamini, 2005) were not observed. The dominant fish species was Barbel which 
is known to survive in polluted waters including cesspits. Personal observation showed 
that the Lusushwana River was characterised by dark-grey water, foaminess, murkiness; 
suspended solids, turbidity, dead flora, excessive weed growth, eutrophication, and algal 
bloom (4.3.4.1). These conditions can all be attributed to poor water quality. 
Eutrophication substantially impairs beneficial uses of water resources. Blue-green algae 
blooms are potentially harmful to humans, livestock, and aquatic life (Stark et al. 2000; 
UNEP GEMS/Water Programme 2007:2008; USA EPA, 2006; Björklund et al. 2009).  
 
The limitation of the study is that pollution impacts are hard to quantify (Björklund et al. 
2009). Hence, the study lacked the specialist resources necessary to establish the direct 
links between health impacts, economic impacts, and water quality of the Lusushwana 
River. The aesthetic, human safety and water user restrictions impacts can all be 
attributed to poor water quality. Further limitation of the study is that some anthropogenic 
sources of pollution to the Lusushwana River were found to emanate from upstream of 
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Matsapha; hence the stakeholders in Matsapha may feel that they are being blamed for 
problems upstream. 
 
5.3 Discussion of Implications of the Findings for the 
Research Questions, Literature & Theory 
In this study, both the hypotheses and research questions were developed. This was done 
with the view to buttress the answers provided to prove the hypothesis. Hence, further to 
answering the research hypotheses, this research is aimed at addressing the research 
questions. This section uses both the quantitative and qualitative findings from chapter 4 
to discuss the research questions of the study in a way that relates the findings to the 
pollution of the Lusushwana River and the wider environmental pollution impacts in the 
community; as well as the appropriate ways to manage and prevent the pollution 
problems more effectively. The research questions are discussed in the order in which 
they are set in Chapters 1, 2, 3, and 4, but in order to limit undesirable repetitiveness, the 
primary research question in not discussed separately  from the subsidiary research 
questions. 
 
5.3.1 Subsidiary Research Question 1 
This section addresses the subsidiary research question: How do the characteristics 
(quality and quantity) of wastewaters discharged by anthropogenic activities at the 
Matsapha industrial estate affect the water quality of the Lusushwana River at Matsapha? 
Personal observation around the Matsapha urban area showed that pollution was 
occurring in the Lusushwana River. This was supported by key informant interviews, 
questionnaires; biological assessment, and field and laboratory water and wastewater 
analyses conducted in the study area (Chapter 4 Section 4.3.4). Personal observation 
showed that raw faecal matter is discharged from the sewer line, storm water drains and 
the riparian communities into the Lusushwana River. This leads to the conclusion that the 
Lusushwana River is contaminated with microbial pollutants. This observation was 
supported by technical experiments. The results in Chapter 4 Subsection 4.3.4.3 show 
that the Lusushwana River contains considerable quantities of Faecal coliforms and Total 
coliforms. Literature (Chapter 2 Section 2.6) shows that microbial pollution causes water 
borne diseases such as diarrhoea and dysentery (Prüss-Üstün and Corvalán 2006; Prüss-
Üstün et al. 2008; DFID, 1998). The riparian communities downstream of Matsapha 
mentioned diarrhoea and stomach ache as their main health problem (Chapter 4 
Subsection 4.3.9.1.1). 
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Eutrophication and algal bloom were observed in the Lusushwana River and wastewater 
treatment plant (Chapter 4 Subsections 4.3.4.1 and 4.3.7.1.1). The final effluent 
discharged from the wastewater treatment plant into the Lusushwana River was observed 
to be highly foamy. Also, it was observed that there were car washing businesses located 
along the banks of the Lusushwana River, the riparian communities also do their washing 
in the river, and in the process discharge soapy wastewater resulting from the detergents 
used. All this lead to the conclusion that the Lusushwana is polluted with nutrient 
enrichments. This is confirmed by experimental results, which showed that levels of 
phosphorus and nitrate in the Lusushwana River (Chapter 4 Subsection 4.3.4.3), and 
effluents discharged directly into the Lusushwana River by the Matsapha wastewater 
treatment plant, sewer line, and Swazi paper mills (Chapter 4 Section 4.3.7) were above 
the limits of the Swaziland surface water quality standards (SG, 1999), the Swaziland 
wastewater quality standards (SG, 1999), and Swaziland industrial effluent requirements 
respectively (SG, 1967).  
 
The riparian communities downstream of Matsapha complained of worms that suck their 
blood and that of their livestock (Chapter 4 Subsection 4.3.9.1.2). The biotic index results 
in Chapter 4 Section 4.3.7 confirmed that the Lusushwana River was infested with 
leeches, invertebrates known to survive in dubious to bad water qualities (Van Damme, 
2001; Woodiwiss, 1964). Also, the biotic index showed abundance of barbel fish species 
which are known to survive in polluted water (Startory and Watkins, 1999). Fish species, 
and macro-invertebrates that normally live in unpolluted waters and are sensitive to 
pollution, such as damselfly and freshwater mussels, were not found in the Lusushwana 
River at Matsapha. Factors that are most likely to affect aquatic life forms are BOD, COD, 
EC, substratum composition, temperature, pH and turbidity (Startory and Watkins, 1999) 
(Chapter 2 Subsection 2.8.2.2). Hence, the absence of intolerant, and the presence of 
tolerant, macro-invertebrates and fish species at Matsapha could be associated with high 
concentrations of COD and turbidity (Chapter 4 Subsection 4.3.4.3) which were generally 
above the Swaziland surface water quality standards (SG, 1999).   
 
5.3.2 Subsidiary Research Question 2 
This section addresses the subsidiary research question: What are the stakeholders‘ 
perceived perceptions 
about the water pollution of the Lusushwana River at Matsapha? The perceived 
perceptions of the proprietors, environmental monitoring agencies and the riparian 
communities show that pollution is occurring in the Lusushwana River and is the biggest 
concern to them (Chapter 4 Section 4.3.5). The proprietors were particularly concerned 
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about water pollution and its consequences, which include destruction of fauna, soil and 
wetlands contaminations. The riparian communities were particularly worried about the 
suspended matter and faecal sludge discharges into the Lusushwana River that affect the 
water quality and hence their health and livelihoods. The environmental monitoring 
agencies expressed that the Lusushwana River enters the Matsapha industrial estate 
already polluted and whilst at Matsapha the pollution is increased/intensified by the 
companies in Matsapha because the Matsapha industries are expanding, the wastewaters 
are varied and complex, and the wastewater treatment plant is not being improved to 
cater for new types of wastewaters produced. All this indicates that all the stakeholders 
are concerned about pollution in the Lusushwana River. The environmental monitoring 
agencies therefore recommend that the wastewaters should not be discharged into the 
Lusushwana River at Matsapha since the volume of the river is very low due to 
abstractions for hydropower generation, irrigation and potable water supply but should be 
discharged at the confluence of the Lusushwana and Usuthu River. 
 
The riparian communities, environmental monitoring agencies, and key informant 
interviewees raised water quality issues and concerns such as suspended solids, colour, 
odour, turbidity, foaminess, murkiness, oil and grease, algal bloom, eutrophication, 
leeches, dying fish, dying livestock; and contaminated vegetables (Chapter 4 Section 
4.3.5). These perceived perceptions were supported by personal observation, laboratory 
analysis, and biological assessment (Chapter 4 Section 4.3.4). The levels of COD, colour, 
turbidity, nitrate, phosphate, aluminium, iron, and manganese in the Lusushwana River 
were higher than the Swaziland surface water quality standards (SG, 1999).  
 
Literature in Chapter 2 shows that COD levels between 85-310mg/L may cause cattle 
poisoning and kill fish, and pH levels between 8 and 13 may cause fungal plant diseases 
and contaminated irrigation waters, which is a risk to human health (Singh, 2001). 
Excessive nutrient enrichments associated with phosphorus and nitrogen promote 
eutrophication and algal bloom (UNEP GEMS/Water Programme, 2007; Björklund et al. 
2009; UNEP, 2007). UNEP GEMS/Water Programme (2007) states that toxins produced 
by excessive algal blooms can cause fish and shellfish poisoning; and in people they may 
cause acute poisoning, skin irritation and gastrointestinal illnesses. Peirce et al. (1998) 
and Wake (2005) state that the effects of oil and grease are devastating to aquatic fauna 
although the effects on aquatic flora are less clear. Elevated concentrations of trace 
metals are toxic to flora, fauna, and human health, and are therefore objectionable in 
drinking and industrial water (UNEP GEMS/Water Programme 2007; Singh, 2001; 
Reuters, 2006; Wong et al. 2007; (Palintest Ltd, 2008). High levels of aluminium can be 
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toxic to fish, and aquatic life (Palintest Ltd, 2008). High levels of iron can affect the taste of 
beverages, causes unsightly staining of laundered clothes, and corrosion of plant and 
equipment (Palintest Ltd, 2008). Manganese will impart an astringent taste to drinking 
water, cause an aesthetically displeasing brown or black staining to laundry, plant and 
equipment even at very low concentrations (Palintest Ltd, 2008).  
 
5.3.3 Subsidiary Research Question 3 
This section addresses the subsidiary research question: What are the anthropogenic 
sources of pollution and their pathways to the Lusushwana River at Matsapha? According 
to literature, anthropogenic activities taking place on land adjacent to any water body have 
an influence on the quality of water contained in that water body (UNECA, 2003). Also in 
the literature review mention is made about how the Lusushwana River flows past urban 
and peri-urban human settlements, towns, cities and industrial estates before joining the 
Usuthu River downstream of the Matsapha urban area (IC Development, 2009). The 
Matsapha urban area is the biggest industrial town in Swaziland. The urban area is 
bordered by the Lusushwana River in the western boundary hence, is considered a major 
polluter to the Lusushwana River (TPTC, 2008; IC Development 2007:2009; Mazingira, 
2009).  
 
The Matsapha Town Board Town Planning Scheme  (Building Design Group, 2007), 
discussion on land uses at Matsapha (Chapter 4 Section 4.2.3), and  the exploratory and 
descriptive study (Chapter 3 Subsection 3.7.3.2) conducted to ascertain what companies 
are taking place within the Matsapha urban area which can influence the water quality of 
the Lusushwana River showed that Matsapha consist of companies of various 
specialisations, varying from manufacturing to processing, retail, motor vehicle workshops 
and garages, car washes, recycling, sand mining, irrigation, wastewater treatment, land 
filling, cattle and goat farming. Chapter 4 Section 4.3.3  shows that these companies 
produce a variety of waste streams such as domestic and industrial wastewater, landfill 
leachate, paper, plastic, chemicals, fat, oil and grease, paint; coal ash, scrap metal, 
hazardous and electronic wastes. Considering their nature, these wastes contain 
environmentally significant pollutants including nutrients, organics, in-organics, heavy 
metals, bacteria and viruses with far reaching environmental health consequences with 
the Lusushwana River as the receiving water body for most of the effluents. 
 
Literature (Chapter 2 Section 2.7), results from Chapter 4 Section 4.3.6, and Figure 4.26 
show that the sources of pollutants at Matsapha can be categorized as point, non-point, 
and instantaneous sources. The point sources of pollution were identified as the Swazi 
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paper mills, sewer line booster pumps and manholes, and Matsapha wastewater 
treatment plant that pollute the Lusushwana River through directly discharging untreated 
or partially treated wastewaters into the river. Besides, Chapter 4 Subsections 4.3.2.1 and 
4.3.6.1 show that the riparian communities themselves are a direct point source of 
pollution as they pollute the Lusushwana River through detergents used in laundering; 
dumping of various waste streams which include dead animals and faecal matter from 
nappies and open defecation; and through animal husbandry. In addition, Chapter 4 
Subsections 4.3.4.3 and 4.3.5.3 show that some point source pollution emanates 
upstream of Matsapha. The non-point sources of pollution were the storm water drains, 
irrigation water return, urban and peri-urban water runoff, car wash, pit latrines, cattle 
kraals, construction sites, sand mining and other land disturbances. Instantaneous release 
sources of pollution were identified as mainly those that could result in water pollution due 
to spillage after an accident. From observation, loaded petrochemical tankers parked 
along the road skirts (next to storm water drains) of the Central Business District are a 
major spillage, fire and explosion hazard. 
 
Chapter 4 Subsection 4.3.6.6 and Figure 4.36 depicts the pollution pathways (or 
discharge routes of pollution) from source to the Lusushwana River. Personal observation 
showed that the wastewaters are discharged into the Lusushwana River through direct or 
indirect pathways. The wastewaters from the Swazi paper mills and Matsapha wastewater 
treatment plant take a direct pathway to the Lusushwana River. The wastewater leaks 
from the sewer line also take a direct pathway to the Lusushwana River. Further to the 
direct pollution pathways are indirect pollution pathways to the Lusushwana River. 
Evidence from interviewees supported by personal observation reveals that more than 
half of all the wastewaters at the Matsapha urban area are discharged indirectly into the 
Lusushwana River through the Matsapha wastewater treatment plant. Other indirect 
discharges observed were either through storm water drains or runoff. Both these direct 
and indirect disposals result in the pollution of the Lusushwana River. The lack of 
environmental awareness programmes for stakeholders, lack of monitoring and lack of 
wastewater effluent discharge permits enforcement by the environmental monitoring 
agencies (Chapter 4 Section 4.3.10) are to blame for indiscriminate discharges into the 
Lusushwana River and the pollution thereof. Effective management of the pollution 
pathways through appropriate instruments/approaches can minimize pollution of the 
receiving water body. 
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5.3.4 Subsidiary Research Question 4 
This section addresses the subsidiary research question: What are the characteristics 
(quality) and quantities (scale) of the wastewaters discharged directly into the 
Lusushwana River at Matsapha; what treatments do the wastewaters receive prior to 
disposal, and why; and how effective are the treatments?  
 
Results from Chapter 4 Subsection 4.3.7.1.1 show that the wastewater from the Matsapha 
wastewater treatment plant received biological treatment but still, colour, EC, turbidity, 
COD, nitrate, phosphate, iron, manganese, Total coliforms and Faecal coliforms were 
considerably above the Swaziland wastewater quality standards (SG, 1999) or DWAF 
wastewater quality standards (Government Gazette, 1984). The effluent volume 
discharged from the wastewater treatment plant into the Lusushwana River is 1,356,048 
m3/yr (Dlamini, Personal Communication; Fakudze, Personal Communication).  
 
Results from Chapter 4 Subsection 4.3.7.1.2 show that the wastewater from the sewer 
line was raw or untreated, and hence could be considered as highly toxic. EC, COD, 
colour, turbidity, nitrate, phosphate, iron, manganese, Faecal coliforms, and Total 
coliforms were considerably above the Swaziland wastewater quality standards (SG, 
1999) or DWAF wastewater quality standards (Government Gazette, 1984). The 
quantities of wastewater leaking from the sewer line into the Lusushwana River could not 
be ascertained.   
 
The wastewater from the Swazi paper mills was pre-treated (Chapter 4 Section 4.3.7.2) 
but still results in Chapter 4 Subsection 4.3.7.1.3 show that EC, COD, colour, turbidity, 
nitrate, phosphate, fluoride, iron, manganese, cadmium, Faecal coliforms, and Total 
coliforms concentrations were considerably above the  Swaziland wastewater quality 
standards (SG, 1999) or DWAF wastewater quality standards (Government Gazette, 
1984). No records on the scales of wastewaters discharged were available; meaning 
documentation of wastewaters was not done. 
 
Literature states that the characteristics of the pollutants present in wastewater effluents 
vary according to both the source of the wastewater and the treatment adopted by the 
companies before the wastewater is finally discharged into the water body. The intensity 
of pollution in a watercourse also depends upon the volume of the effluents discharged 
and their characteristics (Singh, 2001). The above discussion shows that, despite 
treatment, the wastewater effluents from the Matsapha wastewater treatment plant, Swazi 
paper mills and sewer line booster pumps and manholes contained high concentrations of 
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physical,  chemical, and biological pollutants, hence did not meet the Swaziland 
wastewater quality standards (SG, 1999) or DWAF wastewater quality standards 
(Government Gazette, 1984). Hence, it can be inferred that the activities characterize the 
water quality of the Lusushwana River, and could be blamed for the pollution of the river; 
and its impacts on the riparian communities downstream of Matsapha. As discussed in 
Chapter 2 Section 2.8.3 also, this shows that in as much as the setting of appropriate 
standards is important to protect water resources from uncontrolled discharges from 
anthropogenic activities, the effectiveness of standards is only achievable if the 
subsequent enforcement and regulation are in place and environmental improvements 
can be achieved (WEDC, 2007). At Matsapha, the presence of regulatory instruments 
such as standards does not serve its primary objectives of limiting public health risk and 
environmental damage as it is not enforced. 
 
The results in Chapter 4 Subsection 4.3.7.2 show that generally, the types of treatments 
given to wastewaters before disposal at the Matsapha industrial estate involve oil 
separator pits, pre-treatments, full treatment and sludge settling treatment tanks. The 
wastewaters of concern in this research question are those discharged directly into the 
Lusushwana River. The Matsapha wastewater treatment plant uses biological treatment in 
the form of stabilization ponds. The reason given for this choice was that stabilization 
ponds are widely used and are an appropriate form of wastewater treatment for municipal 
wastewater in tropical countries.   The Swazi paper mills use aeration and chemical 
treatment method to promote aeration. The wastewater from the sewer line that does not 
reach the Matsapha wastewater treatment plant does not receive any form of treatment. 
Assessment of the efficiencies in the performances of these treatment facilities and 
processes together with personal observation and laboratory tests reveal that these 
treatment facilities are inefficient as there are high levels of physical, chemical, organic, 
inorganic, and microbial pollutants in their final wastewater effluents (Chapter 4 
Subsection 4.3.7.2). Eutrophication and algal bloom were highly evident in the Matsapha 
wastewater treatment plant. Excessive plant growth was evident in the area around the 
leaking sewer line booster pumps and manholes. Macro-invertebrates and fish species 
sensitive to pollution were not found at the Swazi paper mills discharge point (SP 12). The 
reduction in abundance of macro-invertebrates and fish populations shows that the water 
quality at SP 12 is poor to bad, and has been polluted over a significant period of time. 
 
The results in (Chapter 4 Subsection 4.3.8.1) show that the poor performance of the 
Matsapha wastewater treatment plant can be attributed to receiving shocking industrial 
wastewater pollution loads from the various industries discharging into it. Well informed 
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key informant interviewees stated that a biological treatment plant is best suited for 
domestic wastewater, and not industrial wastewater (Chapter 4 Subsection 4.3.5.4). This 
perception is supported by literature. WEDC (2009) states that the  presence of industrial 
effluents in domestic wastewater treatment plants may alter the flows and characteristics 
of the wastewater possibly causing various effects in receiving waters including high flow 
rates; nutrient enrichment, high BOD and COD loadings; exceptional pH values; high 
concentrations of suspended solids; toxic materials; and exceptional temperatures.  
 
Inference from the results in Chapter 4 Sections 4.3.10 could be made that discharges of 
effluents not in conformity with effluent discharge standards by the Swazi paper mills, 
Matsapha wastewater treatment plant, and sewer line into the Lusushwana River, and by 
the various industries into the Matsapha wastewater treatment plant is happening 
because there is lack of monitoring programmes, lack of licensing and authorization of 
wastewater discharges; lack of incentives (i.e. positive publicity and rewards) and 
disincentives (fines, environmental taxes), wastewater pre-treatment is not mandatory and 
best management strategies are lacking. This is evidence that companies in the Matsapha 
industrial estate pollute with impunity due to lack of environmental awareness, monitoring, 
poor legislation enforcement and restraint by the environmental monitoring agencies, and 
lack of responsibility, accountability and obedience on the companies‘ side. The 
companies need technical advice on selecting the appropriate methods of wastewater 
treatment as it could be concluded that the treatments adopted were not effective. 
Appropriate wastewater treatment can to a large degree help companies meet wastewater 
requirements and by so doing minimize pollution to the Lusushwana River. Also, the 
companies need adequately qualified personnel to manage their wastewaters, appropriate 
training, and environmental awareness programmes.   
 
5.3.5 Subsidiary Research Question 5 
What is the association between the industries and the quality of the Lusushwana River at 
Matsapha; and how much pollution (total maximum daily load [TMDL]) can the 
Lusushwana River receive and still meet water quality standards? From Chapter 4 Section 
4.3.8.1, it is established that the final wastewaters from the various companies 
discharging their final wastewaters into the Matsapha wastewater treatment plant contain 
high concentrations of EC, COD, colour, turbidity, fluoride, phosphate, nitrate, iron, 
manganese, cadmium, and Total coliforms. Similarly, the Matsapha wastewater treatment 
plant effluent contains high concentrations of EC, COD, colour, turbidity, phosphate, 
nitrate, iron, manganese, and Total coliforms (Chapter 4 Section 4.3.7).  Also, Chapter 4 
Section 4.3.7 shows that the wastewaters from the sewer line booster pumps, and the 
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Swazi paper mills contain high concentration of EC, COD, colour, turbidity, nitrate, 
phosphate, iron, manganese, Total coliforms, and Faecal coliforms. None of these 
wastewaters meet the Swaziland industrial wastewater effluent requirements (SG, 1967), 
the Swaziland wastewater quality standards (SG, 1999); or DWAF wastewater quality 
standards (Government Gazette, 1984).  
 
As well, Chapter 4 Section 4.3.7 shows that the Lusushwana River is polluted from these 
effluents, as the river is also characterized by high concentrations of COD, colour, 
turbidity, nitrate, phosphate, iron, manganese, Total coliforms, and Faecal coliforms. 
Hence, there is an association between the wastewater discharges by the Matsapha 
wastewater treatment plant, sewer line booster pump, and Swazi paper mills and the 
Lusushwana River water quality. Likewise, there is an association between the 
wastewater discharges by the Matsapha industries, the wastewater treatment plant and 
the Lusushwana River water quality. This is consistent with the findings of subsidiary 
research question 3, which confirmed that observations of water pollution agreed with 
stakeholder perceived perceptions. The findings reveal the need for the regulation of pre-
treatment and licensing and authorization of wastewater discharges in the Matsapha 
industrial estate. Further, there is need to monitor and mitigate pollution upstream of 
Matsapha, as results from Chapter 4 Subsection 4.3.4.3 reveal that even before the 
Lusushwana River reaches Matsapha, the water quality does not satisfy Swaziland 
surface water quality standards (SG, 1999); meaning even if there were no polluting 
discharges at Matsapha industrial estate, the Lusushwana River at Matsapha would fail to 
meet standards.  
 
Results from Chapter 4 Subsection 4.3.8.2 revealed that diversion of the Lusushwana 
River for potable water and hydropower generation projects has resulted in 
fragmentation and slimming of the river downstream of the Mnkhinkhomo Dam, water 
flows are very low, and some part of the river have no water at all and are characterized 
by excessive vegetation growth. Hence, it can be inferred that the dilution factor of the 
Lusushwana River could be very low. Further, Chapter 4 Subsection 4.3.8.2 revealed that 
water flows in the Lusushwana River along the Matsapha industrial estate are not known, 
and cannot be routinely measured because there is no gauge station. The available 
gauge station is about 2 km upstream from the western boundary of the urban area, which 
is about 3 km before the Matsapha potable water treatment plant weir and 6km before the 
diversion into the Mnkhinkhomo dam supplying the Maguduza and Dwaleni hydropower 
stations.  
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The ability to measure the total maximum daily load of pollution a river can receive and 
still meet water quality standards depends upon river flows (for dilution) and the nature of 
the pollutants discharged (Smith, Personal Communication). Hence, it is imperative that 
wastewater sampling, analysis, and documentation is enforced at Matsapha, and that as a 
priority, a gauge station is installed to measure the river flows. Further, there is need to 
measure water flows and monitor the nature and quantities of pollutants discharged 
upstream of Matsapha, as results from Chapter 4 Subsection 4.3.4.3 reveal that even 
before the Lusushwana River reaches Matsapha, the water quality does not satisfy 
Swaziland surface water quality standards (SG, 1999).  
 
5.3.6 Subsidiary Research Question 6 
This section addresses the subsidiary research question: What are the perceived pollution 
impacts of the riparian communities downstream of Matsapha using the Lusushwana 
River for domestic and livelihood purposes; and how are their (riparian communities) 
complaints on pollution addressed? Findings from Chapter 4 Subsection 4.3.9.1.1 show 
that the riparian communities attribute some of their ill-health problems to their drinking or 
using the Lusushwana River. The diseases mostly mentioned are diarrhoea and stomach 
ache, followed by skin problem, bilharzia, headache, nausea and malaria in that order. 
Verification from the local clinic (Egebeni clinic) revealed that these are the most 
frequently reported diseases within the community. The diseases cited by the riparian 
communities could be classified under water-borne, water-based, and water-related insect 
vector diseases. Literature (Chapter 2 Subsection 2.6.1.1) shows that these diseases can 
increase the average bill of the households and lower productivity in general. Most 
significant to this study are the ill-health problems resulting from using the Lusushwana 
River such as skin problems, headache, nausea, and the water-borne diseases (for 
example diarrhoea and stomach ache) which may be transmitted when contaminated 
water is used for drinking or cooking (AQUASTAT-FAO, 2005); and can be linked to the 
pollution of the Lusushwana River by the industrial wastewate .  
 
Apart from the human health impacts on the riparian communities, there are other 
pollution impacts cited including: human safety impacts (poor visibility, leeches, algal 
bloom, and eutrophication) (Chapter 4 Sub-section 4.3.9.1.2); water use restriction 
impacts (limited usability of water for domestic recreation fishing and irrigation purposes)  
(Chapter 4 Sub-section 4.3.9.1.3); aesthetic impacts (taste, colour, odour, discolouration 
and staining, objectionable floating matter, and nuisance plants) (Chapter 4 Sub-section 
4.3.9.1.4); and economic impacts (dying fish, dying livestock, contaminated vegetables, 
and damaged equipment) (Chapter 4 Sub-section 4.3.9.1.5). 
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Björklund et al. (2009) state that pollution impacts are hard to quantify, yet globally, 
anthropogenic water pollution is a serious threat to human and ecosystem health. This 
statement is true for this study. The study lacked the specialist resources necessary to 
establish direct links between the health and economic impacts and the water quality of 
the Lusushwana River. Nevertheless, the research findings on the pollution impacts were 
consistent with what literature states: 
 Metals, acids, alkalis, phenols, alcohols, arsenic and other products and by-
products from industrial operations are toxic to animals and man, can cause 
damage to health, and may even cause death. As a result, vertebrates, 
invertebrates and aquatic life may suffer damage to the liver, kidneys, reproductive 
and nervous systems (Sigh, 2001).  
 COD levels between 85-310 mg/l can cause cattle poisoning and kill fish (Sigh, 
2001). Reports (MNRE, 2002; Mwendera et al. 2002) on water quality assessment 
of the Lusushwana River shows  COD levels of 120 mg/L and over 200 mg/L 
respectively. In this study, COD levels at the Lusushwana River were recorded 
between 27 and 133 mg/L (Chapter 4 Sub-section 4.3.4.3, Figure 4.12). The upper 
limits of the COD concentration recorded could therefore lead to the death of 
livestock and fish at Matsapha reported in literature (Yongenawe, 2006; UNECA, 
2006; MNRE, 2007; TPTC, 2008) in Chapter 2 Section 2.6.2 and by the riparian 
communities, environmental monitoring agencies, and key informant interviewees 
(Chapter 4 Section 4.3.5 and Sub-section 4.3.9.1.1).  
 The death of livestock due to leeches‘ infestation is supported by literature (US 
EPA, 1982; Eguale et al. 2010). The presence of leeches in the Lusushwana River 
which is an indication of pollution means that the survival of macro-invertebrates 
and fish species sensitive to pollution is under threat (Refer to Chapter 4 
Subsection 4.3.4.4 for the biotic index results). The death and reduction in 
abundance of fish populations in the Lusushwana River, and the difficulty of 
livestock to feed and their death reduce the likelihood of the riparian communities 
to meet their livelihood and food supply needs.  
 The human safety impacts (eutrophication, algal bloom, leeches, and poor 
visibility) can all be attributed to poor water quality (Chapter 2 Section 2.6). 
Globally, the most prevalent water quality problem resulting from high-nutrient 
loads is eutrophication, which substantially impairs beneficial uses of water 
resources (Stark et al. 2000; UNEP GEMS/Water Programme 2007:2008; USA 
EPA, 2006; Björklund et al. 2009). Also, elevated concentrations of nutrient 
compounds in water cause harmful cyanobacteria or blue-green algal blooms; and 
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are potentially harmful to humans, livestock, and aquatic life (Björklund et al. 
2009). 
 Nutrients, mainly nitrogen and phosphorus, can lead to eutrophication, algal bloom 
and invasive plants that could reduce effective sunlight penetration into the river. 
This would reduce oxygen supply which could adversely affect desirable aquatic 
ecosystems as well as make the water dangerous for human contact or 
consumption. At Matsapha, the problems of algal bloom and eutrophication pose 
difficulty for the riparian communities when crossing the river to dip their animals at 
the dipping tank across the river. Also, using the river for recreational and fishing 
purposes is affected.  
 International trends show that the most important water pollutant affecting human 
health is microbial contamination (Björklund et al. 2009). Communities 
downstream of intensively farmed areas or municipal sewage outfalls, and people 
exposed to infected waters, because of work or recreational activities, are at the 
highest risk of illness due to microbial pathogens (UNEP Gems/Water programme, 
2007). Human waste is a major polluter of rivers, resulting in cholera and other 
diarrhoeal diseases such as typhoid, bacillary and amoebic dysentery; and 
hepatitis A and E (DFID, 1998). Globally, diarrhoea remains the major killer among 
water, sanitation and hygiene related diseases, accounting to 43% of deaths each 
year (DFID, 1998) (Chapter 2 Subsection 2.6). 
 The discharge of suspended solids into the Lusushwana River contributes to 
oxygen depletion. Besides, they create unsightly conditions and cause unpleasant 
odours which discourage using the water for drinking and recreational purposes. 
Oxygen-demanding substances, which might be discharged from milk processing 
plants, breweries, paper mill and the wastewater treatment plant, make up one of 
the most important types of pollutants because these materials decompose in the 
watercourse and deplete the dissolved oxygen in the water. This results in 
anaerobic conditions, thereby reducing the amount of dissolved oxygen available 
to gill-breathing species, hence the low numbers of fish species and odour in the 
Lusushwana River.  
 The discharge of effluents that contain oil not only cause deterioration in the 
quality of the Lusushwana River but may also causes acute effects on birds, fish, 
and other micro-organisms; and vegetables.  
 The discoloured water from dyes may contain heavy metals which make the water 
unsafe for human consumption and irrigation purposes.  
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The results from Chapter 4 Section 4.3.14 indicate that the riparian communities‘ 
complaints about pollution problems to the proprietors, environmental monitoring 
agencies, police and other influential groups in the Matsapha urban area were not 
adequately addressed. This means that no meaningful action is taken by the authorities 
against the polluters in an attempt to stop pollution or appease the riparian communities. 
This shows that the riparian communities have no voice and pressure, and have no 
structure to raise their complaints or opinions, and have become silent sufferers. There is 
therefore the need to implement environmental management structures (such as an 
environmental institution) within the riparian communities which give them enough powers 
to address local pollution problems. The Water Act, 2003 (SG, 2003) gives power for the 
establishment of environmental institutions required for water resources management at 
river basin level (Chapter 2 Section 2.9.2 and Appendix 2.12). 
 
5.3.7 Subsidiary Research Question 7 
What resources, programmes and legislation are available for effective wastewater 
management and pollution monitoring at Matsapha? The results in Chapter 4 Section 
4.3.10.1.2 shows that the environmental monitoring agencies are under staffed and there 
are no adequate resources (financial and technical) for effective water and wastewater 
monitoring. Also, the results revealed that the laboratory for the Water Resource Branch, 
a supreme body for water resources management in Swaziland was not accredited, and 
the lack of accreditation was a hindrance in enforcing legislation on polluters since their 
results can easily be challenged in the court of law. Further, Chapter 4 Subsection 
4.3.10.1.1 shows that there are no qualified staff to monitor wastewater in most of the 
companies.  
 
Considering the state of pollution in the Lusushwana River and its impact on the riparian 
communities downstream of Matsapha, and the environmentally unsustainable practices 
by the companies at Matsapha, it is highly important that human capacity in terms of 
adequate numbers of qualified staff is developed in order to effectively monitor water and 
wastewater in the industrial area. There is also need for infrastructure development in 
terms of laboratories, adequate budgets for sourcing tools and equipments, and vehicles 
for environmental monitoring. Advancements in pollution monitoring should be introduced 
gradually through the installation of a gauge station to monitor water flows, installation of 
automatic pollution samplers to detect pollution promptly, and GIS for mapping spatial 
pollution trends. Also, the Water Resource Branch should be proactive and facilitate the 
accreditation of their laboratory to improve the credibility of their evidence in the court of 
law. 
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Results from Chapter 4 Subsections 4.3.10.2 and 4.3.10.3; and literature exploration in 
Chapter 2 Section 2.9  show that pollution control at Matsapha in terms of monitoring, 
legislation enforcement and compliance is weak and uncoordinated as:  
 Monitoring of the Lusushwana River is neglected and ad hoc. Routine monitoring 
is not undertaken by two of the three environmental monitoring agencies 
responsible for water and wastewater monitoring at Matsapha (Chapter 4 
Subsection 4.3.10.2.2); 
 Monitoring of the Lusushwana River is substandard (Chapter 4 Subsection 
4.3.10.2.2). There are no comprehensive monitoring programmes including 
biological assessment and sediment analysis. Analyses of major parameters such 
as heavy metals, microbiological analysis, and nutrients are not undertaken; 
 There are no comprehensive programmes for wastewater monitoring for the 
companies, meaning that routine monitoring of companies is barely conducted and 
is ineffective (Chapter 4 Subsection 4.3.10.2.2); 
 Wastewater sampling and analysis is unregulated and is hardly done by both the 
companies and the environmental monitoring agencies (Chapter 4 Subsections 
4.3.10.2.1 and 4.3.10.2.2); 
 The riparian communities downstream of Matsapha are neglected and silently 
suffer pollution impacts as none of the environmental monitoring agencies at 
Matsapha have any environmental health or public health programmes specific for 
them (Chapter 4 Subsections 4.3.10.2.2); 
 The environmental monitoring agencies‘ roles are unclear, uncoordinated, and 
fragmented, resulting in a lack of collaborated efforts among stakeholders for 
pollution monitoring and control (Chapter 2 Subsection 2.9.2.2 and Chapter 4 
Subsections 4.3.10.2.2);  
 Environmental compliance certificates, effluent discharge permit, and best practice 
is not enforced (Chapter 4 Subsection 4.3.10.3.3); 
 Companies, especially petrochemical depots, garages and workshops 
indiscriminately discharge environmentally significant pollutants into storm water 
drains (Chapter 4 Section 4.3.10); 
 Internal wastewater sampling by most companies and external checks on samples 
on most companies is not done (Chapter 4 Subsections 4.3.10.2.1 and 4.3.10.2.2); 
 Wastewater pre-treatment prior to discharge into the sewer line is not enforced 
(Chapter 4 Section Subsection 4.3.10.3.3); 
 Wastewater effluent discharge permits are not enforced on companies discharging 
their wastewater directly into the Lusushwana River  (Chapter 4 Subsection 
4.3.10.3.3); 
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 Companies are not aware of environmental management legislation and have no 
wastewater management standards or conditions issued to them by the 
environmental monitoring agencies (Chapter 4 Subsection 4.3.10.3.1); 
 Legislation enforcement is weak, and ineffective to minimize pollution. The only 
form of enforcement is through issuance of contravention notices after pollution 
has occurred and been detected (Chapter 4 Subsection 4.3.10.3.2); 
 The scattering of environmental legislation under different governmental ministries, 
departments and parastatals, renders Local Government Authorities like the 
Matsapha Town Board, which does not have comprehensive environmental 
legislation of its own, powerless to use the legislation (Chapter 2 Subsection 
2.9.2.1 and Chapter 4 Subsection 4.3.10.3.1); 
 There are weaknesses and inconsistencies in the national environmental 
legislation and how it is  enforced (Chapter 2 Subsections 2.8.3 , 2.9.2.1; and 
Chapter 4 Subsection 4.3.10.3.2); and 
 The Matsapha Local Government Authority central in the environmental protection 
of the Matsapha urban area has no comprehensive environmental legislation and 
standards on water and wastewater management (Chapter 2 Subsection 
4.3.10.3.1). 
 
A reflection on the above discussion shows that pollution monitoring and enforcement of 
legislative programmes are rather weak and uncoordinated. Hence, comprehensive 
pollution monitoring programmes for the Matsapha industrial estate are critical for effective 
pollution monitoring and reduction of pollution. There is need for effective pollution 
monitoring, effective wastewater management, and environmental legislation and its 
enforcement at Matsapha. Also, environmental legislation compliance requirements and 
other management instruments applied to the enforcement of the legislation (e.g. effluent 
discharge permits) are inadequately implemented, and compliance thereof is poor. All this 
implies that pollution control at Matsapha in terms of monitoring, legislation enforcement 
and compliance is weak and needs enhancement.  
 
Monitoring, compliance with and active enforcement of environmental legislation and 
adequate resources (human, financial and technical) are essential if protection of the 
Lusushwana is to be achieved at Matsapha. Hence, the environmental monitoring 
agencies need to ensure that there is adequate environmental legislation and the 
requirements of the legislation are consistently and effectively enforced. The 
environmental monitoring agencies need to implement a firm compliance and enforcement 
programme; and encourage and facilitate formation of compliance and enforcement 
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networks wherever warranted.  Further, the regulatory framework at Matsapha should be 
complemented by the preparation of standards and provision of technical assistance 
where practicable.  There is need for putting restrictions on the companies and requiring 
them to treat or pre-treat their wastewaters effectively before discharge. Also, there is 
need for raising public awareness on environmental issues and compliance according to 
applicable environmental regulations, guidelines and their enforcement. Every relevant 
stakeholder needs to be made accountable for protecting and enhancing the Lusushwana 
River. In order to do these more effectively, the environmental monitoring agencies need 
to provide information, education and environmental data to inform the stakeholders and 
to promote responsible behaviour.  
 
5.3.8 Subsidiary Research Question 8 
This section addresses the subsidiary research question: What are the drivers and 
barriers to effective wastewater management and pollution monitoring at Matsapha? 
Effective water and wastewater monitoring relies upon monitoring and enforcement of 
environmental legislation, regulations, and standards; and the extent to which the 
respective environmental monitoring agencies implement them. Effective water and 
wastewater monitoring is influenced, among other things, by the availability of human 
capital in the institutions to devise regulations and standards and be able to implement 
and monitor enforcement regularly and widely (Chapter 4 Subsection 4.3.11). The results 
in Chapter 4 Subsection 4.3.11.4 reveal that the main barrier to effective water and 
wastewater resources monitoring affecting all the environmental monitoring agencies is 
lack of capacity for monitoring and enforcement of legislation. All the environmental 
monitoring agencies complained of under staffing, making it impossible to monitor, 
implement and enforce legislation regularly and effectively. They however did not see lack 
of adequate training of staff as barrier to monitoring since they felt that they had 
adequately trained staff. The lack of staff was attributed to limited budget for hiring and 
remunerating more staff. Other budget constraints mentioned included limited funds for 
establishing laboratories, purchasing enough vehicles for monitoring, purchasing new 
laboratory equipment and reagents. Since lack of all these things has a negative impact 
on effective monitoring, capacity development should remain a principal concern, priority 
and a commitment within the environmental monitoring agencies. Hence, it is necessary 
that the environmental monitoring agencies budget adequately for environmental 
monitoring services as the budget allocation determine the amount and nature of 
resources that could be provided for more efficient and effective monitoring, maintenance 
and improvement. As industry increases and technology advances, continuous 
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adjustments or increases in the budgets are crucial to accommodate the necessary 
environmental monitoring initiatives.  
 
Lack of accreditation on existing laboratories was also seen as a barrier to effective 
enforcement of legislation and compliance thereof, since the credibility of the laboratory 
would be questionable in the court of law. Inefficiency in legislation was also seen as a 
barrier as there were no standards to support the legislation. The environmental 
monitoring agencies mentioned that the delay in adoption of regulations such as the draft 
water pollution monitoring regulation of 1999 which contains the much needed water and 
wastewater standards; and ratifying of international conventions such as the Basel 
Convention which allows for the trans-boundary movement of hazardous waste to 
countries where they may be treatment was a constraint to effective monitoring, 
enforcement and compliance.  
 
Chapter 4 Subsections 4.3.11.1 and 4.3.11.2 discusses the issues that serve as drivers 
and barriers to effective wastewater management by the proprietors. Key to drivers for 
effective wastewater management by the proprietors are the issues that concern 
environmental responsibility, the best environmental practice,  protection of the company‘s 
reputation, and meeting international market standards to boost trade (Chapter 4 
Subsections 4.3.11.1). Environmental responsibility is deemed necessary by companies 
because it helps them build a reputable image as environmental-friendly companies 
whose products could be easily marketed. Best environmental practice helps companies 
cut costs on items like energy, water use and waste generation.  It is noted in Chapter 4 
Subsections 4.3.11.1 that there is display of ignorance by the proprietors about the close 
relationship between a company‘s image and negative publicity, as they find it necessary 
to protect their image but are not so concerned about negative publicity.  
 
 On the other hand, the barriers to effective wastewater management are found to be 
based on various issues  (See Chapter 4 Subsections 4.3.11.2) which are: lack of 
capacity, lack of technical know-how, lack of monitoring by environmental monitoring 
agencies, lack of technical support, lack of environmental awareness, education, training 
and workshops,  lack of standards and lack of top management support.  Lack of technical 
know-how and support, education, awareness and training could lead to incapacity 
towards effective wastewater management.  Lack of top management support could leave 
the subordinates with no adequate funding for environmental compliance.  
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5.3.9 Subsidiary Research Question 9 
What contemporary pollution monitoring instruments (or approaches), incentives, and 
disincentives are needed to achieve reduction in pollution of the Lusushwana River at 
Matsapha? The answer to this question is derived from the views expressed by the 
stakeholders interviewed. From Chapter 4 Subsection 4.3.12.1.2 the leading 
contemporary management instrument/approach that tops the proprietors‘ lists is 
command and control; followed by licensing and authorisation to operate; persuasion; and 
economic instruments.  These instruments are discussed in detail in Chapter 2 Section 
2.10.3. In controlling the pollution in the Lusushwana River, command and control 
mechanisms such as regulatory measures should be enforced to encourage compliance. 
In general, regulatory measures seek to place direct controls on the behaviour of 
dischargers through a number of ways including input restriction, technology control, and 
output control. For this to happen, there is need to promote the adoption of cleaner 
production practices and technologies, particularly by manufacturing and processing 
industries; and the application of sustainable practices which prevent pollution of water 
and land in industries such as agriculture and mining.  
 
The findings have shown that wastewater discharge permits are not enforced on the 
companies, implying that licensing and authorisation of wastewater discharges have been 
poorly instituted and managed.  Therefore the views reiterated by the stakeholders 
concerning withdrawal of permits and licences are appropriate. The key to this is to 
specify in clear terms the conditions attached to issue of the licence, such as the quality 
and quantity of wastewater to be discharged; and renewals. This will help in 
communicating a clear message to the people for whom the policies and regulations are 
made. This is necessary to prevent a situation whereby the impacts of water pollution 
would fall disproportionately on particular groups in society, such as the riparian 
communities, who bear the brunt of hazardous effluents from industries and other 
companies concentrated near them.   
 
Pollution prevention should be a key in environmental management at the Matsapha 
industrial estate. This makes sound economic sense because it is usually cheaper and 
easier to prevent pollution than to control it and repair the environmental damage caused.  
Thus it would be necessary to institute economic instruments, which make use of 
economic rationality and market forces to change discharge behaviour. This could be 
achieved through instituting environmental taxes, and user charges (the amount of which 
will depend on the principle of who pollutes more pays more). 
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The findings have shown that persuasive instruments are important to be instituted at 
Matsapha. Commonly, persuasive instruments are the non-regulatory and non-economic 
instruments deployed in the management of water quality. Usual examples include 
education, awareness raising, self-regulation and voluntary agreement. This means that 
all the stakeholders must understand environmental systems and processes for the 
protection of the environment and prevention of pollution. At Matsapha, environmental 
education has a central role to play in raising awareness of environmental issues, 
informing stakeholders about environmental issues and motivating and empowering 
stakeholders to act to address environmental pollution problems more effectively. 
Persuasive instruments of importance to the proprietors of the companies would be self-
regulation through developing environmental policies, adopting and implementing 
environmental management systems (such as ISO certification), and other various 
standards. 
 
From Chapter 4 Subsection 4.3.12.2 the appropriate incentives to prevent pollution 
concern the need for raising awareness about the importance of pollution prevention 
measures, and provision of technical support. These are followed by financial incentives; 
positive publicity; and recognition through awards or rewards, in that order. A closer look 
at these issues means that appropriate knowledge and information dissemination; 
financial and material support, reward for good work and positive publicity are the most 
appropriate ways of encouraging pollution prevention in the Matsapha industrial estate. In 
terms of the disincentives available to discourage pollution, the majority of respondents 
recommend the payment of fines by defaulters; followed by the use of environmental 
taxes, withdrawal of trading licenses; negative publicity; and withdrawal of discharge 
permits.  These are punitive measures which the proprietors, who are also polluters, find 
more effective in discouraging pollution of the Lusushwana River and the entire 
environment at Matsapha. Thus, this knowledge is very important for the environmental 
monitoring agencies when preparing environmental management programmes and 
legislation for pollution control and management at Matsapha urban area. 
 
5.4 Discussion of the Implications of the Findings for 
Theory, Policy & Practice. 
This section discusses the implications of the findings for pollution control and 
management at the Matsapha urban area.  
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5.4.1 Pollution Control at Source 
The research findings have helped to identify point sources of pollution to the Lusushwana 
River to be the sewer line booster pumps and manholes, Swazi paper mills and the 
Matsapha wastewater treatment plant. The laboratory analysis showed that the 
discharges from these companies have high concentrations of physical, chemical and 
microbial pollutants far above the limits set in the Swaziland wastewater effluent 
standards. As such, the sewer line, Swazi paper mills and the Matsapha wastewater 
treatment plant are considered the point sources of pollution in the Matsapha urban area, 
contaminating the Lusushwana River water by discharging partially treated or untreated 
wastewater into it. Also, pollution was discovered to originate from activities upstream 
from Matsapha. 
 
It is thus essential that all final effluents from the industries at the Matsapha urban area 
are assessed, licensed and authorized accordingly. Significantly polluting industries 
should be compelled to install pre-treatment plants to pre-treat effluent to acceptable 
quality before discharging it into the Matsapha wastewater treatment plant. Industries that 
do not discharge their effluents into the Matsapha wastewater treatment plant should be 
required to install conventional treatment plants to treat effluent to acceptable quality 
before discharging it into the Lusushwana River. Control of heavy metals at source should 
be enforced, as high output of heavy metals will interfere with both the aerobic and 
anaerobic bacteria at the Matsapha oxidation ponds. Pollution emanating from upstream 
from Matsapha need to be further investigated and controlled at source. 
 
Results also demonstrate that some of the parameters of the effluent from the Matsapha 
wastewater treatment plant do not meet the Swaziland wastewater effluent standards 
(SG, 1999). Therefore there is need for a re-assessment of the performance and 
suitability of the Matsapha wastewater treatment plant, and necessary action taken 
thereafter. There is need for a central industrial wastewater treatment plant (separate from 
the domestic wastewater treatment plant) to be installed for use by industries with high 
contents of heavy metals and TDS that may affect the operations of the Matsapha 
oxidation ponds. Also, there is need for power back-up system and proper maintenance 
with regard to wastewater spillages/leaks by the sewer line manholes and booster pumps.  
 
5.4.2 Effective Monitoring, Legislation Enforcement and Compliance  
The findings portray that there is the need for effective monitoring, legalisation 
enforcement and compliance through appropriate pollution control measures and 
mechanisms. The implications for the unregulated pollution sources and discharges are 
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that the Lusushwana River will be continuously polluted unless the environmental 
monitoring agencies take appropriate actions to address the problem. The findings have 
shown that there is lack of comprehensive monitoring programmes at Matsapha; 
legislation enforcement is lax and is ineffective in minimizing pollution; environmental 
compliance certificates and best practice are not enforced on companies at Matsapha; 
wastewater discharge permits and wastewater sampling and analysis are not enforced on 
the companies or industries, wastewater standards are not enforced on companies; and 
there are no incentives and disincentives for non-polluters and polluters respectively. All 
this imply that pollution monitoring and legislation enforcement have been poorly instituted 
and managed. Hence, in monitoring and controlling the pollution in the Lusushwana River, 
regulatory measures should be enforced to encourage compliance. The regulatory 
measures that are useful according to the findings and literature should involve: 
 Establishing relevant legislation including standards for water and wastewater 
management at Matsapha; 
 Developing appropriate programmes for  wastewater management and pollution 
monitoring by companies and environmental monitoring agencies;  
 Effective and consistent application of environmental management legislation to 
companies; 
 Putting in place effluent control mechanisms that will involve regular monitoring by 
the environmental monitoring agencies (regulator) to ensure compliance with 
discharge standards;  
 Enforcing wastewater sampling and analysis by industries as they can go a long 
way in helping companies to meet legislation requirements and minimize pollution 
to receiving water bodies;  
 Enforcing wastewater pre-treatment by industries before discharging into the 
Lusushwana River or Matsapha wastewater treatment plant; 
 Applying appropriate instruments and actions for management of pollution at 
source, management of the pollution pathways, and management of the receiving 
water bodies; 
 Applying command and control (prosecutions), persuasive (best environmental 
management practices), economic, and licensing and authorization instruments to 
encourage compliance and discourage non-compliance with legislation and 
standards; 
 Applying incentives (such as recognition and positive publicity) and punitive 
measures (such as fines and licence withdrawal) to encourage compliance and 
discourage non-compliance with legislation and standards;  
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 Zoning of industries in such a way as to avoid environmentally sensitive areas (the 
river banks and wetlands) and to manage discharges more effectively;  
 Education and conducting environmental awareness campaigns to sensitize 
companies on legislation which require them to have trading licences, 
environmental compliance certificates, best practice or environmental 
management systems, and effluent discharge permits for their operations; and 
 Collaboration between the environmental monitoring agencies and all relevant 
stakeholders in order to be able to do effective monitoring to control pollution at 
Matsapha. 
 
5.4.3 Institutional Development 
The results have revealed that the environmental monitoring agencies are under 
resourced in terms of infrastructure and equipment for water and wastewater monitoring, 
staffing and funding. Therefore, there is the need for institutional development through 
capacity development in terms of adequate staffing and funding to set up appropriate 
infrastructure, effective water and wastewater monitoring programmes and provision of 
adequate equipments, tools and consumables. Other key implications from the study are 
the need for advanced technologies such as appropriate and satisfactory laboratory 
equipment capable of analyses consistent with international standards to ensure that all 
media (water, sediments and biological indicators) are continuously monitored. There 
should be an early warning system, including automatic samplers to identify pollution 
before substantial damage is done to the environment. Also, GPS is necessary for 
pollution monitoring and data capturing. 
 
There is also a need for effective involvement of stakeholders to manage and minimize 
pollution. This implies the need for environmental monitoring agencies to set up an 
environmental institution for pollution monitoring in the Lusushwana River. The 
environmental institution should comprise all the relevant stakeholders at Matsapha 
including the riparian communities and industries. There should also be an effective 
pollution complaint communication system and mechanism that would enable rapid 
response and actions to address the complaints.  Assessments of the reported pollution 
impacts should be conducted and should include the assessment of acute and chronic 
diseases associated with polluted water. 
 
5.4.4 Best Environmental Management Practice 
The research findings show that many companies do not have environmental policies, 
best practice or environmental management systems in place. The lack of these makes 
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companies to operate without guiding environmental policies which may lead to self 
regulation and sustainable development at Matsapha. Some of these companies export 
their products overseas and their markets could be jeopardised if it is realised that they 
operate without environmental policies and environmental management systems. 
Pollution prevention makes sound economic sense, hence should be key in environmental 
management at the Matsapha industrial estate. This is because it is usually cheaper and 
easier to prevent pollution than to control it and repair the environmental damage caused.  
Thus it would be necessary to promote best environmental management practice through 
the adoption of cleaner production practices and technologies, particularly by 
manufacturing and processing industries; and the application of sustainable practices 
which prevent pollution of water and land by companies such as those involved in 
agriculture and mining. Also, the adoption and implementation of proactive approaches 
mainly self monitoring approaches including standards, incentives and deterrents should 
be encouraged. 
 
5.4.5 Raising Environmental Awareness  
The research findings show that many companies are not aware of legislation which 
require them to have environmental compliance certificates, effluent discharge permits, 
best practice or environmental management systems for their operations which makes 
most of them to be environmentally non compliant. Education is the essential means of 
developing informed environmental awareness whilst informed awareness is necessary to 
change an individual‘s behaviour towards the environment. Therefore there is the need for 
raising awareness of environmental issues through planned educational and training 
programmes. This will inform, motivate and empower the stakeholders to understand 
environmental systems and processes better, and to act more appropriately to address 
them. Thus, promoting and facilitating environmental education should be regarded as an 
important priority to effective and sustainable management of the Lusushwana River. The 
environmental monitoring agencies should therefore assume responsibility for the delivery 
of environmental education as a legitimate aspect of their pollution monitoring 
programmes. 
 
5.4.6 Collaboration between Relevant Stakeholders 
The research findings show that the environmental monitoring agencies‘ roles are unclear, 
uncoordinated, and fragmented, resulting in a lack of collaborated efforts among 
stakeholders for pollution monitoring and control. The collaboration of all relevant 
stakeholders at Matsapha has a central role to play in minimizing and controlling pollution 
of the Lusushwana River. Hence, it is important to coordinate and integrate a broad-based 
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environmental management action plan that will involve all the key stakeholders in order 
to manage the varying sources of pollution (i.e. from industries, wastewater treatment 
plants, riparian communities , storm water drains, urban and peri-urban water run-off, 
irrigation water returns and from tributaries) more effectively.  This implies the need for 
collaborative efforts from all the relevant stakeholders such as: the riparian communities 
downstream of Matsapha, companies at Matsapha, environmental monitoring agencies, 
Ministry of Agriculture, and Ministry of Health. The environmental monitoring agencies 
need to jointly develop programmes for water and wastewater monitoring including 
sampling and laboratory techniques, selection of water quality parameters and bio-
indicators, developing an environmental institution, and effective communication 
structures for pollution control. 
 
5.5 Proposed Pollution Management Model in the Matsapha 
Industrial Estate 
The findings demonstrate that the pollution of the Lusushwana River and its effects on the 
riparian communities result from the companies at the Matsapha industrial estate. 
Pollution from upstream of Matsapha is also indisputable. The riparian communities are 
also blamed for their indiscriminate disposal of general, special and faecal wastes in and 
around the Lusushwana River. Lack of monitoring and appropriate legislative enforcement 
by the environmental monitoring agencies is to blame for the continued pollution. Part of 
the ineffective pollution management stems from the lack of capacity on the part of the 
environmental monitoring agencies to hire sufficient numbers of adequately qualified staff 
to manage both on-site and off-site wastewaters properly. The environmental monitoring 
agencies also lack adequate funding for infrastructure, tools, and equipments which are 
essential for effective monitoring, legislation enforcement and compliance. There are 
weaknesses on the part of the environmental monitoring agencies in terms of establishing 
new legislation and harmonization of existing legislation; establishing comprehensive and 
effective monitoring programmes; conducting environmental awareness programmes; and 
forging partnerships and collaborating with relevant stakeholders.  
 
The proprietors of companies lack adequately qualified staff to manage their wastewaters 
on-site. The proprietors of companies lack the appropriate wastewater treatment facilities 
to treat their effluents adequately before disposal into the environment because pre-
treatment requirements are not enforced, and add to operating costs.  Also, there is lack 
of technical advice to companies already having pre-treatment facilities on 
appropriateness of mechanisms adopted as technical experiments show that the adopted 
facilities are either inefficient or are not managed properly.  The riparian communities lack 
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voice and pressure, hence are incapable of addressing the pollution problems in the 
Lusushwana River and its environs which affect their health and livelihoods. Further, the 
riparian communities are polluters themselves as they lack appropriate sanitation 
measures. 
 
 In view of all this the researcher  proposes a solution model (Figure 5.1) whereby 
environmental monitoring agencies could provide sufficient funding for hiring more 
environmental management staff through the assistance from the government, NGOs or 
any donor agency. The environmental monitoring agencies also need to be put under 
constant monitoring by the government, NGOs, the media and any other environmental 
pressure groups to ensure that the proper environmental measures are taken to control 
pollution. Environmental and research institutions could provide scientific data on 
environmental quality, training and skills development programmes for the environmental 
monitoring agencies to enhance environmental monitoring and enforcement work.  
 
On the other hand, the environmental monitoring agencies who are the main 
environmental monitoring and compliance authorities at the Matsapha industrial estate 
should also help to develop the capacity of the proprietors as well as the riparian 
communities to be aware of environmental issues, and their responsibilities. Since the 
riparian communities are the weakest in terms of voice and pressure, capacity, and 
finance, they should be assisted to establish local monitoring and complaint lodging 
structures to enable them to monitor and report environmental pollution issues effectively. 
The riparian communities should stand up for themselves, and show interest in improving 
their situation by seeking assistance from the proprietors of companies, the government, 
NGOs or any benevolent organisation to put up proper sanitary facilities to manage their 
faecal and domestic wastes. NGOs and donor agencies will want to see evidence of 
interest from the riparian communities. The proprietors of companies, environmental 
monitoring agencies and the riparian communities should be in constant communication 
about the local environmental pollution issues so that common solutions could be found to 
address them. The implications of all this is that environmental pollution can best be 
controlled when there is networking and collaboration among stakeholders than when it is 
single-handedly managed by the environmental monitoring agencies. 
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Arrow Sign Description 
 
 
 
 
This arrow represents capacity building in terms of funding, skills and 
knowledge development and funding mechanisms to control pollution in 
the model. 
 
 
 
 
This arrow represents a pressure and monitoring mechanism to ensure 
the proper environmental pollution measures are taken to control 
pollution 
 
 
This arrow is used mainly by the environmental monitoring agencies to 
monitor the companies at Matsapha and the riparian communities  
downstream of Matsapha regarding pollution management and control 
 
 
This arrow represents two-way communication model to help 
communicate environmental pollution issues and concerns among the 
stakeholders. 
Figure 5.1 Pollution Management Model for Matsapha Industrial Estate 
Source: Developed by the Researcher for this Study 
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5.6 Conclusion to this Chapter 
The chapter is concerned with the discussions and implications of the research findings in 
the light of the hypotheses and research questions, and wider environmental pollution 
control and management in the Matsapha industrial estate. The research has confirmed 
that companies at Matsapha pollute the Lusushwana River; and has revealed that there is 
also pollution upstream, which was not suspected at the start of the study. The 
significance of the chapter are the facts that effective management of the Lusushwana 
River cannot happen without capacity development and resources to equip the 
environmental monitoring agencies to monitor and enforce legislation more effectively. 
The proprietors of companies at the Matsapha industrial estate also need to take 
responsibility and accountability of their companies by reducing pollution at source, 
adopting best environmental management practices and complying with legislation. Also 
significant is the need for cooperation and collaboration with relevant stakeholders such 
as the proprietors of the various companies, the riparian communities, relevant 
government ministries and other stakeholders. This has led to proposed management 
approach for pollution control and management for the Lusushwana River with specified 
roles and recommended actions for the environmental monitory agencies, government, 
proprietors of companies, riparian communities downstream of Matsapha and other 
relevant stakeholders which are discussed in Chapter 6.  
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Chapter 6: Research Conclusions 
 
6. 5 Introduction to this Chapter 
Chapter 5 provides the discussions of the research findings with special reference to the 
hypotheses and the research questions. It also discusses the implications of the findings 
for pollution control and management of the Lusushwana River; and expounds a proposed 
environmental pollution management model in the Matsapha industrial estate. This 
chapter therefore discusses the conclusions of the research; the significance of the 
findings; the contribution to the body of knowledge; the limitations of the research; and the 
recommendations for the environmental monitoring agencies, proprietors of companies at 
Matsapha, riparian communities downstream of Matsapha, and other relevant 
stakeholders. The research conclusions that provided for the pollution management model 
shown in Figure 5.1 have yet to be verified. Informal discussions with sector professionals 
nevertheless suggest that they are in agreement with the research findings and analysis. 
 
6.2 Gaps & Weaknesses in Scientific Information & 
Knowledge  
After a critical review of the literature on various water and wastewater resources 
management issues in Chapter 2, gaps and weaknesses in knowledge and practice were 
identified. These gaps and weaknesses helped to formulate research questions, the 
hypotheses and the conceptual framework. The gaps and weaknesses identified in the 
literature are stated in Chapter 2 Section 2.11 and would not be repeated here. 
 
6.3 The Research Conclusions 
The research has provided evidence that activities at Matsapha industrial estate are 
polluting the Lusushwana River, but has revealed that there is also pollution upstream of 
Matsapha. The upstream pollution was not anticipated at the start of the study. 
 
6.3.1 Conclusions about the Research Issues 
With regard to the effective pollution control and management of the Lusushwana River, 
the study concludes that: 
 Wastewater management and water pollution monitoring programmes are to a 
large extent informally organised, unregulated, substandard, inadequate or 
insufficient, and in some agencies and companies are not in place, and need to be 
augmented (See Chapter 4 Section 4.3.10.2). 
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 Environmental legislation enforcement and compliance is weak, and needs to be 
improved in order to be effective in minimizing pollution in the study area (See 
Chapter 4 Section 4.3.10.3).  
 Critical to effective management of the pollution of the Lusushwana River is the 
need for resources (human, financial, technological, and structural) for the 
environmental monitoring agencies (See Chapter 4 Section 4.3.10.1).  So far there 
are not enough funds available for effective pollution control and management for 
the environmental monitoring agencies. Therefore there is a need for adequate 
budgeting for the funding of environmental monitoring resources by the 
environmental monitoring agencies, and additional funding from government and 
other environmental financiers and donors. 
 The companies need capacity development to gain the relevant knowledge and 
skills needed to undertake effective wastewater management (See Chapter 4 
Section 4.3.10.1.1).  
 The fragmented and uncoordinated approach on wastewater management, 
monitoring and control of pollution has not so far achieved any effective pollution 
control at Matsapha. Therefore, for effective pollution control and management to 
occur there is the need for collaboration from the key stakeholders. The 
stakeholders comprise the environmental monitoring agencies, proprietors of the 
companies at Matsapha, the riparian communities downstream of Matsapha as 
well as all the relevant government departments and parastatals (See Chapter 2 
Section 2.9.2 and Chapter 4 Sections 4.3.9.2 and 4.3.10). 
 An environmental institution is needed to represent the riparian communities to 
enable them to complain about the environmental pollution problems and to 
provide a common voice for them in terms of engagement with the other 
stakeholders in environmental pollution matters in their communities (See Chapter 
4 Section 4.3.10.2.2 and 4.3.9.2). 
 All the drivers and barriers; incentives and disincentives; and instruments raised by 
the stakeholders need to be selected and combined for effective licensing and 
authorisation; command and control measures. These need to be integrated with 
economic and persuasive instruments in order to facilitate effective management 
and control of pollution of the Lusushwana River (See Chapter 4 Sections 4.3.11 
and 4.3.12).  
 
 Other findings concluded from the study include the fact that: 
 Pollution of the Lusushwana River is occurring and that the pollution sources, the 
characteristics of pollution and pollution pathways/discharge routes are known at 
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the Matsapha urban area (See Chapter 4 Sections 4.3.4, 4.3.5, 4.3.6, 4.3.7, and 
4.3.8). However, there is pollution occurring upstream from Matsapha that needs 
to be investigated, as the companies at Matsapha may feel that they are being 
blamed for problems upstream (See Chapter 4 Section 4.3.4) in addition to the 
pollution that they produce. 
 Wastewater management and pollution monitoring mechanisms were, to a large 
extent, informally organized and unregulated by the environmental monitoring 
agencies (See Chapter 4 Sections 4.3.10). 
 The Matsapha landfill leachate is not a pollution problem to the Lusushwana River 
as previously assumed. The leachate pond is connected to the Matsapha 
wastewater treatment plant and does not discharge its leachate into the 
Mnkhinkhomo Stream or Lusushwana River. However, there is need for providing 
a hazardous waste landfill, and improved solid waste and leachate management. 
A constructed wetland for onsite leachate treatment could be a sustainable 
treatment option for removing pollutants from the leachate. 
 The Matsapha wastewater treatment plant is ineffective and wastewaters are not 
effectively treated. It discharged into the Lusushwana River concentrations of 
physical, chemical and microbial pollutants which were above the Swaziland 
wastewater quality standards (SG, 1999). The Engineers from the Swaziland 
Water Services Corporation said that the biological wastewater treatment plant is 
not suitable for treating the industrial wastewater produced by companies at 
Matsapha, and could be managed and work better as a domestic facility (See 
Chapter 4 Sections 4.3.8.1 and 4.3.7.1).  
 The Matsapha wastewater treatment plant is a combined biological wastewater 
treatment plant treatment for both industrial and domestic wastewater. A lot of 
wastewater is pumped from the industries (and residential areas, businesses and 
institutions) through the sewer line booster pumps onto the ponds, and this uses a 
lot of power. In the event of power loss, blockages, or when thieves steal the 
electric cables, untreated wastewater is discharged into the Lusushwana River. 
The sewer line booster pumps and manholes leaks almost continuously pollutants 
that are well above the Swaziland wastewater quality standards (SG, 1999) into 
the Lusushwana River (See Chapter 4 Sections 4.3.7.1.2 and 4.3.11). 
 The Swazi paper mills has been a cause of concern because of their discharges 
into the Lusushwana River since its inception in 1988. A review of existing 
wastewater quality data shows that effluents well above the Swaziland industrial 
wastewater effluent requirements are discharged into the Lusushwana River (See 
Chapter 4 Section 4.3.7.1.3 and 4.3.11). Also, the biotic index for the Swazi paper 
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mills discharge point in the Lusushwana River (SP12) showed the absence of 
pollution intolerant micro invertebrates such as damselfly and fresh water mussels, 
which are indicators of clean or unpolluted water, and the presence of pollution 
tolerant micro invertebrates such as water beetles, water bugs, dragonfly nymphs, 
and hog lice indicating water quality that is not good (dubious) to bad (See Chapter 
4 Section 4.3.7.1.3). 
 The Matsapha industries discharge wastewaters to the Matsapha wastewater 
treatment plant effluents well above the Swaziland industrial wastewater effluent 
requirements (SG, 1967) (See Chapter 4 Section 4.3.11).  
 In general, the biological assessment of the Lusushwana River shows that the 
water quality varies from not good (dubious) to bad (See Chapter 4 Section 
4.3.4.4). 
 Technical experiments show that the pollution in the Lusushwana River is not 
homogeneous. Water quality differs with time and place (See Chapter 4 Section 
4.3.4.3). 
 The various pollutants in the Lusushwana River (including high microbial, organic 
and inorganic pollution, and nutrients) could pose pollution impacts to the riparian 
communities downstream of Matsapha, flora and fauna death, algal bloom, and 
eutrophication (See Chapter 4 Sections 4.3.4.3 and 4.3.9.1). 
 The riparian communities complained about human health impacts (diarrhoea and 
stomach ache, skin problems, headaches, nausea and vomiting, malaria, bilharzia) 
as a result of drinking or using the river for their domestic needs (See Chapter 4 
Section 4.3.9.1.1). This study lacked the specialist resources necessary to 
establish direct links between the health impacts and water quality. 
 The riparian communities complained about human safety impacts (poor visibility, 
algal bloom, eutrophication, and leeches) (See Chapter 4 Section 4.3.9.1.2). 
These complaints can all be attributed to poor water quality. 
 The riparian communities complained about various restricted applications for 
which the Lusushwana River water could be used (very high water use restriction 
mainly for domestic (cooking, drinking, washing) and recreation fishing and 
irrigation. High restriction on sand mining and on livestock farming. These 
complaints can all be attributed to poor water quality (See Chapter 4 Section 
4.3.9.1.3). 
  The riparian communities complained about aesthetic impacts (taste, colour, 
odour, objectionable floating matter, nuisance plants, and discolouration and 
staining) (See Chapter 4 Section 4.3.9.1.4). These complaints can all be attributed 
to poor water quality. 
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 The riparian communities complained about economic/livelihoods impacts (dying 
fish, dying livestock, contamination of vegetables, and damage to equipment) (See 
Chapter 4 Section 4.3.9.1.5). This study lacked the specialist resources necessary 
to establish direct links between the economic impacts identified and river water 
quality. 
 There is poor pollution monitoring and legislation enforcement by the 
environmental monitoring agencies (See Chapter 4 Sections 4.3.10.2 and 
4.3.10.3). 
 Drivers for effective water and wastewater monitoring involve enforcement of 
environmental legislation, regulations, and standards; and the extent to which the 
respective environmental monitoring agencies implement them (See Chapter 4 
Section 4.3.11.3). The environmental monitoring agencies need resources 
(including human capital, and laboratory facilities) in the institutions to devise 
regulations and standards, and to be able to implement and monitor enforcement 
regularly and widely across the board (See Chapter 4 Section 4.3.10.1).  
 The key barriers to effective water and wastewater monitoring for the 
environmental monitoring agencies are lack of adequate staff, limited budgets for 
funding the establishment, running and maintenance of laboratories, lack of 
improved analytical instruments, lack of transport for monitoring, and lack of 
standards (See Chapter 4 Section 4.3.11.4). 
 Drivers for effective wastewater management to the proprietors of companies 
include environmental responsibility, best environmental practice, protection of the 
company‘s reputation, and meeting international market standards to boost trade 
(See Chapter 4 Section 4.3.11.1). 
 The key barriers for effective wastewater management to the proprietors of 
companies are lack of monitoring by environmental monitoring agencies, lack of 
qualified personnel to manage wastewaters, lack of education and technical 
support, and ignorance of the legislation requirements (See Chapter 4 Section 
4.3.11.2). 
 Incentives for pollution control are provision of technical support, financial 
incentives to reduce pollution; positive publicity, and awards or rewards for low 
polluting companies (See Chapter 4 Section 4.3.12.2). 
 Penalties recommended to encourage pollution control are payment of fines, 
environmental taxes, withdrawal of trading licenses, negative publicity such as by 
public ―naming and shaming‖, and withdrawal of discharge permits (See Chapter 4 
Section 4.3.12.2). 
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 Contemporary instruments for pollution management recommended elsewhere but 
applicable to Matsapha involve command and control; licensing and authorisation 
to operate; persuasive; and economic instruments (See Chapter 4 Section 
4.3.12.1).  
 
6.3.2 Conclusions about the Hypotheses, Research Problem, Study 
Aims & Objectives  
Two hypotheses, and various questions, aims and objectives were stated for the research 
study (See Chapter 1 Section 1.2).  These guided the study into: 
 Establishing whether the Lusushwana River was polluted and to measure the 
extent of the pollution on the river; 
 Examining whether the anthropogenic sources of pollution could be uncovered at 
the Matsapha industrial estate; 
 Establishing the nature and scale of the companies discharging their final 
wastewaters directly into the Lusushwana River; the characteristics and quantities 
of the wastewaters discharged; the treatments the wastewaters receive prior to 
disposal; and the pollution pathways to the Lusushwana River; 
 Establishing an association between the industries and the Lusushwana River 
water quality; 
 Establishing how much pollution (Total daily allowable limit) the Lusushwana River 
can receive and still meet water quality objectives; 
 Establishing the stakeholders‘ (users, environmental monitoring agencies, and 
proprietors of companies) perceived perceptions about water pollution of the 
Lusushwana River; 
 Assessing the pollution impacts on the riparian communities downstream of 
Matsapha; and how their complaints on pollution are addressed; 
 Establishing programmes for water and wastewater management and monitoring 
at Matsapha; and the form of legislation enforcement; 
 Establishing the resources available (within companies and the environmental 
monitoring agencies) to limit pollution of the Lusushwana River;  the drivers and 
barriers to effective water and wastewater management and monitoring; 
 Examining incentives, disincentives, instruments or approaches needed to address 
pollution of the Lusushwana River;  
 Recommending practical measures to minimize the pollution; and 
 Proposing a pollution management framework for the Matsapha industrial estate.  
 
In view of the findings in Chapter 4, and the discussions in Chapter 5, it is evident that 
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with the exception of subsidiary research question 5 (concerning the maximum daily 
pollution load that the Lusushwana River can receive and still meet water quality 
standards), the research study aims and objectives were achieved and the research 
questions were answered. A study of this nature would require measurement of river and 
wastewater flows. Subsidiary research question 5 could not be achieved because there 
was no gauge station at the Lusushwana River in the Matsapha industrial estate to 
measure flows. Besides, there was also lack of documentation on wastewater qualities 
and quantities by the companies at the Matsapha industrial estate. Hence, it was 
impractical to determine the total maximum daily load of pollution that the Lusushwana 
River can receive and still meet surface water quality standards. In view of this limitation, 
a recommendation has been made for the Water Resource Branch to install a gauge 
station to measure flows; and for the proprietors of companies to sample, analyse, and 
document both the raw and final wastewaters that they produce. The environmental 
monitoring agencies should require that companies periodically sample and monitor their 
wastewaters, and submit regular reports (including technical reports) on the wastewater 
quantities and qualities that they produce. A more detailed study on the maximum daily 
pollution load that the Lusushwana River can receive and still meet water quality 
standards may be referred for further research. 
 
The results and the discussions showed that sources of anthropogenic water pollution can 
be identified, their impacts assessed; and that effective monitoring, legislation 
enforcement, and collaborative actions by the stakeholders could minimize the pollution 
problems at the Matsapha industrial estate. Understanding and implementing these 
measures, and translating them into action by the stakeholders (especially the riparian 
communities downstream of Matsapha) will be a daunting task that would require scouting 
and polling of resources by the government, donor agencies, companies, and 
environmental monitoring agencies for capacity building (social, technological, financial, 
institutional, legislative and environmental), education, and environmental awareness 
programmes.  
 
6.3.3 Conclusions about the Research Methodology 
This study add to methodological contribution in the study of water and wastewater 
management and monitoring in Swaziland.  A mixed research methodology was adopted 
for this study, and the approach was based on a deductive research enquiry making it 
scientific. This mixed research methodology was capable of providing answers to the full 
range of research questions, which included the What? Why? and How? questions. The 
mixed research methodology in this study was appropriate in that it helped the researcher 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Chapter 6: Research Conclusions                298 
answer research questions which pure qualitative or quantitative research methodologies 
could not answer. The research methodology is unusual, complex and novel considering 
the size of the sample and the broad scope. The novelty of the methodology is that it is 
astonishingly comprehensive considering the diverse sample (riparian communities, 
environmental monitoring agencies, proprietors of companies, surface water analysis, and 
wastewater analysis from industries and wastewater treatment plant) and data collection 
methods (literature survey, technical experiments, biotic index, questionnaires, and 
interviews) in one study. The diverse qualitative and quantitative data collection tools 
complemented each other through triangulation, which increased the study rigor, chances 
of obtaining valid, reliable and unambiguous answers to the research questions raised; 
and to make better and stronger inferences from the research findings.  
 
6.4 The Research Contributions to the Body of Scientific 
Knowledge, Policy & Practice  
Findings from this research study have contributed to the body of scientific knowledge, 
and to policy and practice in the Swaziland environmental sector, as listed in the following 
Subsections. 
 
6.4.1 Contributions to the Body of Scientific Knowledge 
 Identifying and addressing gaps and weaknesses in the literature is a meaningful 
contribution to scientific information and knowledge of pollution management in 
Swaziland.  
 Conducting the first empirical study of anthropogenic pollution of the Lusushwana 
River makes this research original and contributes to the body of scientific 
knowledge about environmental pollution in Swaziland.  
 The research has provided evidence that anthropogenic activities at Matsapha 
industrial estate are polluting the Lusushwana River. This has confirmed an 
association between the industries and the water quality of the Lusushwana River. 
 The research has revealed that there is also pollution of the Lusushwana River 
upstream of Matsapha. The pollution upstream was not anticipated at the start of 
the study. 
 The research has revealed the pollution impacts on riparian communities 
downstream from Matsapha.  
 The complex and novel research methodology in this study added to 
methodological contribution in the study of water and wastewater management 
and monitoring in Swaziland. 
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 The research is contributing to the availability of academic research information on 
Swaziland. 
 
6.4.2 Contributions to Environmental Policy in Swaziland 
 Identification of anthropogenic pollution sources and pollution pathways at 
Matsapha; and the stakeholders‘ perceptions about pollution is a meaningful 
contribution to policy as it could lead to the development of necessary policy and 
legislative interventions and measures to control pollution at source. 
 Exploring drivers and barriers to improved wastewater management, and pollution 
monitoring at Matsapha. 
 Seeking incentives and disincentives that encourage reduction in pollution of the 
Lusushwana River, and that are acceptable to all stakeholders.  
 Exploring contemporary water and wastewater management 
instruments/approaches that encourage reduction in pollution of the Lusushwana 
River, and that are acceptable to all stakeholders. 
 Identification of the need for effective environmental legislation enforcement at 
Matsapha including the need for harmonization of the present fragmented and 
uncoordinated legislation, and the establishment of new legislation that will give 
environmental monitoring agencies more power to control pollution in their areas of 
jurisdiction. 
 Instigation of a wastewater management and water pollution monitoring 
programme for the Matsapha Local Government Authority, and thereby promoting 
Matsapha as a potential future green town. 
 
6.4.3 Contributions to Environmental Practice in Swaziland 
 Identification of the need to establish comprehensive wastewater management 
and pollution monitoring programmes at Matsapha. 
 Identification of the need for resources and capacity development (financial, 
institutional, staffing, technical, and structural) to ensure effective and efficient 
wastewater management, pollution monitoring and legislation enforcement at 
Matsapha.  
 Identification of the need to develop environmental awareness programmes and 
technical support at Matsapha.  
 Identification of practical actions necessary for wastewater management and to 
minimize pollution of the Lusushwana River at Matsapha. 
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 The research has identified the need for stakeholders to develop partnerships and 
collaboration for sustainable management of the Lusushwana River.  
 Identification of the need to involve the riparian communities downstream from 
Matsapha in water resources management issues at Matsapha. The riparian 
communities need to have voice and pressure through establishing an 
environmental institution so as to be meaningfully engaged in water pollution 
management of the Lusushwana River at Matsapha. 
 Identification of the need to develop effective pollution complaint structures to 
ensure prompt action to prevent, reduce or act on pollution.  
 Skills transfer through involving local environment inspectors in the data collection 
process. 
 Proposing a pollution management model for the Matsapha industrial estate. 
 
6.5 Study Limitations 
Section 6.4 shows that findings from this study have contributed to the wider body of 
scientific information and knowledge, and to policy and practice in the Swaziland 
environmental sector. Nevertheless there are some limitations that characterise the study. 
Relatively few data was available for the survey study. The time frame for the data 
collection exercise was rather short and this affected the volume of survey data obtained 
for analyses. It would have been desirable to collect data for a full twelve month period. 
The study on the riparian communities used non-random rather than random sampling; 
and cross sectional rather than longitudinal data, hence may have been subjective to 
spatial and person biases (Refer to Chapter 2 Section 3.7.4 for details). Also lacking were 
studies serving as baseline data on pollution impacts on the riparian communities, which 
the researcher seek but in vain. This study lacked the specialist resources necessary to 
establish direct links between the health and economic impacts identified and 
Lusushwana River water quality.   
 
There was lack of baseline information on water and wastewater at a local level which 
could be used to determine and or predict trends on the state of the environmental 
pollution over time. There were inadequate analytical instruments in the local laboratories, 
and it took a long time for instruments to be repaired following a break down, and for 
reagents to be sourced and delivered due to lack of service providers within Swaziland. 
As such, some parameters (mercury, DO, BOD, and ammonia) planned to be examined 
could not be analysed. Further, these parameters (mercury, DO, BOD, and ammonia) 
could not be analysed by laboratories in other countries within the provided budget limits. 
The results showed that the companies at Matsapha are causing pollution to the 
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Lusushwana River, but there is also pollution occurring upstream of Matsapha. Hence, 
companies in Matsapha may not acknowledge the pollution problems caused by their 
activities, but may feel that they are being blamed for pollution problems caused by 
activities upstream from Matsapha. The analysis of heavy metals on sediments, which 
could have served as a comparison and verification of the water quality assessment 
results on heavy metals was not planned for. 
 
Baseline data on the water flows at the Lusushwana River; and the qualities and 
quantities of the wastewater effluents discharged by the companies, were lacking. There 
was no gauge station at the Lusushwana River to measure flows, and there was lack of 
wastewater documentation by the industries at the Matsapha industrial estate. Hence, it 
was impractical to determine the total maximum daily load of pollution that the 
Lusushwana River can receive and still meet water quality standards. Nevertheless, this 
limitation was not a flaw to the research but turned to be strength in that recommendations 
could be made to the Water Resources Branch to install a gauge station and that the 
Lusushwana River flows should be measured; proprietors of companies to sample, 
analyze and document their raw and final wastewater qualities and quantities; and 
prospective researchers that further/future research is necessary to determine the total 
maximum daily load of pollution that the Lusushwana River can receive and still meet 
water quality standards.  
 
There was reluctance of some of the proprietors of companies in giving out key 
information about their establishments and operations. Therefore they were ill-prepared 
for the exercise and did not appreciate the value of the study. As such they were reluctant 
to respond to any of the data collection process. There was an apparent language barrier 
in the textile industries as most of them are owned by Chinese who claimed to neither 
speak English nor the native language. Hence, some of the textile industries could not be 
included in the study. The researcher considers this to have been a ploy to avoid 
providing data or inspections by professionals. Chinese owners of industries need to be 
able to communicate with local and national officials. Critically, this could also reflect 
difficulty, limitation, and inconsistency in terms of pollution monitoring, and effective 
enforcement and compliance with legislation in the study area. Research may be needed 
on the implications of language barriers for effective monitoring, legislation enforcement 
and compliance at Matsapha. 
 
Nonetheless, the research was systematically designed, and was based on a rigorous 
theoretical and methodological framework. Hence, the study limitations are 
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acknowledged, but the strength of the study is not significantly affected. The limitations do 
not detract from the significance of the findings, but merely provide platforms for 
future/further research (which are discussed in Section 6.6.5).  
 
6.6  Study Recommendations 
The literature review in Chapter 2, research findings and discussion in Chapters 4 and 5 
provide the following noteworthy recommendations for the various stakeholders (as 
discussed in Chapter 2 Subsection 2.9.2.2) in this research, including the environmental 
monitoring agencies; proprietors of companies; riparian communities downstream of 
Matsapha; and the Swaziland Water Services Corporation. The recommendations would 
be communicated to the different stakeholders through writing back to them, journal 
papers and publication of the entire thesis. 
 
6.6.1 Recommendations for the Environmental Monitoring Agencies  
As discussed in Section 6.3 (under Research Conclusions), the  research has concluded 
that anthropogenic activities at Matsapha industrial estate are polluting the Lusushwana 
River, but has revealed that there is also pollution upstream of Matsapha. The upstream 
pollution was not anticipated at the start of the study. Also, the research concluded that 
pollution monitoring and legislation enforcement is lax, in that pollution monitoring is 
inadequate, and legislation is not enforced on polluters. According to the various 
legislation discussed in Chapter 2 Section 2.11, the environmental monitoring agencies 
have a statutory responsibility for monitoring anthropogenic pollution in the Matsapha 
industrial estate. Several actions, which are discussed below, are recommended for 
implemention by the environmental monitoring agencies in order to improve the water 
quality of the Lusushwana River at Matsapha.  The recommendations are listed in order of 
priority. 
 Augmentation of Water & Wastewater Monitoring Programmes: - The 
environmental monitoring agencies should establish comprehensive pollution 
monitoring programmes for water and wastewater in the study area; and effectively 
enforce legislation. Regarding wastewater, the environmental monitoring agencies 
should monitor and regulate point, non point and instantaneous sources of 
pollution; including feed lots, storm water drains, surface water run-off, and 
irrigation water return. With regard to the Lusushwana River, all parameters must 
be continuously monitored to provide a complete physical, chemical and biological 
profile of the river, sediments and biological indicators. The pollution monitoring 
programme must also have an early warning system to arrest pollution before 
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damage is done to the environment. The monitoring programme must have a data 
management system with a GPS and GIS capability to locate problem areas in 
terms of discharges and pollution impacts. Also, a data management system for 
monitoring purposes is essential.  
 Developing Capacity for Pollution Monitoring & Legislation 
Enforcement: - The conclusions (in Section 6.3)  have shown that the 
environmental monitoring agencies are constrained by finances and institutional 
capacity, especially human resources, to effectively monitor and enforce legislation 
in Matsapha.  However, without finances for securing proper staffing, establishing 
comprehensive environmental monitoring programmes, establishing and 
maintaining accredited and well equipped laboratories, and providing transport, 
pollution of the Lusushwana River will intensify. It is the duty of each 
environmental monitoring agency to ensure that they are empowered to fulfil their 
environmental mandates. Hence, the environmental monitoring agencies should 
develop strong human resources capacities, and infrastructure for pollution 
monitoring and legislation enforcement.  
 Effective Legislation Enforcement: - As already stated above, the 
environmental monitoring agencies need to put in place sound and continuous 
pollution monitoring systems. These systems must be backed by credible 
enforcement of legislation on environmental management. Hence, the 
environmental monitoring agencies should promulgate sufficient water and 
wastewater legislation that is realistic and give them more power/control to monitor 
the Matsapha industrial estate. However, the new legislation should not conflict 
with existing legislation. It is expected that with a well established environmental 
monitoring capacity, comprehensive programmes of pollution monitoring, 
wastewater assessment and reporting established, compatible standards and 
effective legislation enforcement, wastewater management by companies can be 
improved, and this could minimize pollution to the Lusushwana River. 
 Improved Wastewater Treatment Infrastructure: - It is recommended that 
all effluents from the Matsapha industries be pumped through the Swaziland Water 
Services Corporation wastewater treatment plant, provided the concentrations of 
heavy metals are low. High output of heavy metals will interfere with both aerobic 
and anaerobic bacteria at the oxidation ponds. Those industries that do not pump 
their effluent through the oxidation ponds should be encouraged to install 
wastewater pre-treatment systems to treat effluent to acceptable standards before 
discharging it. Alternatively a central treatment system could be installed for use by 
industries discharging high concentrations of heavy metals that may affect the 
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operations of the Swaziland Water Services Corporation wastewater treatment 
plant. Heavy metals are probably best removed by industries at source or at a 
central facility. They are usually removed chemically by controlling pH to 
encourage precipitation. Presipitation will deal with heavy metals, but will need 
additional biological treatment. It may be possible to use activated sludge 
treatment, with heavy metals accumulating in the sludge. Whichever method is 
adopted, the sludge should not be used on Agricultural land but should be 
disposed of in a designated hazardous waste site. The industries should  
undertake monthly water quality monitoring exercises to ensure that the 
wastewater is of a quality that will not render strain on the wastewater treatment 
plant and the Lusushwana River. The principle of reuse, reduce, recover, and 
recycling of relevant waste streams should be practiced to minimize the amount of 
waste that needs final disposal, and which may lead to the contamination and 
pollution of the Lusushwana River. The results have shown that some of the 
pollutants from the  Swaziland Water Services Corporation wastewater treatment 
plant do not meet the Swaziland wastewater effluent standards (SG, 1999); which 
could be a sign of a poorly managed, overloaded or degenerated wastewater 
works. There is need for an independent regulatory body that will assess the 
performance of the Swaziland Water Services Corporation wastewater  treatment 
system (including the sewer line) within the Matsapha industrial estate. Alternative 
treatment options that could be looked into include activated sludge, and  biofilter 
system. Stabilization ponds are best suited for treating domestic wastewaters. 
Activated sludge treatment though an expensive treatment option can be 
controlled by adjustment of operational parameters. Biofilters are cheap but permit 
very little control of treatment. During data collection, the researcher observed that 
the drainage system of the Matsapha industrial estate is being abused by some 
industries, and other several unidentified sources, to discharge effluents to the 
Lusushwana River. The drainage system needs to be upgraded, monitored, and 
regulated to prevent industries from using it to pump sewage and effluent to the 
river system without prior treatment. The issuance of effluent discharge permits to 
wet companies at Matsapha is of importance.  
 Establishing Environmental Awareness Programmes: - A need for 
environmental awareness, and increasing awareness and understanding of 
environmental trends and conditions, their causes and consequences would 
provide a foundation for improved decision-making by all stakeholders (industries, 
environmental monitoring agencies, and riparian communities); and would facilitate 
management of progress towards sustainable wastewater management.  
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 Forging Partnerships (Collaboration) Involving All Relevant Stakeholders: - 
Prospects for minimizing pollution of the Lusushwana River will require community 
involvement, and the collaboration of various institutions to achieve effective 
pollution monitoring and legislation enforcement. A monitoring system that involves 
all stakeholders in the form of an environmental institution is proposed. These are 
the riparian communities, industry, government ministries, research institutions, 
and all affected parties. Also, development of effective complaint structures to 
assist in identifying the impacts of pollutants within a specified distance from the 
industrial estate should be part of the monitoring system to be developed. 
Assessment of related pollution impacts through relevant ministries such as the 
Ministry of Health should be included as part of the monitoring system for the 
industrial estate. The authority of the Matsapha Town Board is limited to the 
municipal boundaries yet pollution of the Lusushwana River has been identified 
upstream. For the success of the implementation of the study recommendations, it 
is necessary that pollution monitoring and enforcement policies extend upstream 
beyond the municipal boundaries of Matsapha. The jurisdiction of the Swaziland 
Environment Authority, Department of Water Affairs and the Swaziland Water 
Services Corporation is country wide. The agencies are therefore in a position to 
facilitate improved environmental management of the Lusushwana River beyond 
the borders of Matsapha.  Integrated water resources management is essential. 
 
6.6.2 Recommendations for the Proprietors of Companies 
The following recommendations arise from the research findings, theory, literature, and 
pracice: 
 Proprietors should take responsibility and accountability of the waste they 
generate. The understanding of streams of wastes generated and having a clear 
waste management system for each stream (such as liquid, solid, hazardous and 
recyclable waste) is paramount in pollution mitigation since the waste streams 
produced are of great environmental significance in terms of pollution to the 
Lusushwana River.   
 Proprietors should keep documentation on what waste is produced, measure 
effluents and know how much is produced and gets treated, and where it is going 
to. That is, industries should account for all their wastes from cradle to grave. 
Proper documentation would also help in determining whether the Lusushwana 
River could take the quantities and qualities of wastewater discharged and still 
meet surface water quality standards. 
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 Proprietors should provide and maintain on-site treatment or pre-treatment 
facilities that will treat their effluents properly before discharge, obtain effluent 
discharge permits and meet permit discharge requirements. 
 Proprietors should employ environmental scientists to help them manage the 
effluents of their companies more effectively, and meet permit discharge 
requirements. 
 Proprietors should cooperate with environmental monitoring agencies and other 
stakeholders (such as the riparian communities downstream of Matsapha), and 
have effective structures in place for addressing pollution complaints. 
 Proprietors should adopt ISO Standards and other best environmental 
management practices such as BATNEEC, cleaner technologies, and waste and 
water minimization strategies. 
 Proprietors should periodically conduct assessment of their environmental 
aspects/impacts through conducting environmental audits and following their 
environmental mitigation plans. 
 Proprietors should take a proactive approach to industrial wastewater 
management, understand their responsibilities, and know the resources available 
to help them meet compliance, as this make good business sense. 
 Directors and shareholders of companies should show total commitment to the 
principles of sustainable development, and develop environmental policies for their 
companies. Commitment should be demonstrated by action and not only by lip 
service.  
 Proprietors should ensure top level support, priority and investment in 
environmental sustainability to enable managers to have funds allocated to fulfil 
the company‘s environmental obligations.  
 
6.6.3 Recommendations for the Riparian Communities Downstream of 
Matsapha 
This study recommends that: 
 The riparian communities should be encouraged to have voice and pressure 
through establishment of a localised environmental institution that will monitor 
pollution and provide a platform for their complaints and views on environmental 
matters to both the proprietors and the environmental monitoring agencies. 
 The riparian communities should seek assistance from the government and donor 
agencies to improve their sanitation facilities and practices in order to stop 
indiscriminate dumping and disposal of wastes.  
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6.6.4 Recommendations for the Swaziland Water Services 
Corporation 
The following key recommendations are deduced from literature and the research 
findings: 
 In accordance with the Swaziland Constitution, 2005, the Swaziland Water 
Services Corporations has a duty to act responsibly and accountably to the 
environment. Hence it should act proactively to remedy surface water pollution 
from the Matsapha sewer line and wastewater treatment plant. The corporation 
should provide a new wastewater treatment facility for the Matsapha urban area, 
and decommission the present one as it is no longer suitable for the industrial site. 
In would be necessary to assess the characteristics of all the wastewaters 
produced at Matsapha to ensure suitability of new plant. 
 The corporation should comply with environmental legislation by obtaining a 
wastewater discharge permit and complying with its requirements in order to 
ensure the protection and sustainability of the surface waters at Matsapha, the 
riverine ecosystem, and the health of the riparian communities downstream of 
Matsapha.  
 The Swaziland Water Services Corporation should investigate and address 
pollution of the Lusushwana River occurring upstream from Matsapha believed to 
be caused by the Ezulwini biofilter wastewater treatment plant. 
 The Swaziland Water Services Corporation is mandated by the Swaziland Water 
Services Corporation Act, 1992 to supply water, treat and dispose of effluents in 
urban areas. Hence, should make by-laws for the Matsapha industries stating 
conditions allowed for effluents discharged into the sewer line or the wastewater 
treatment plant and generally prohibited wastes in order to protect the treatment 
plant from interference with process operations and pass through of harmful 
pollutants. This will in turn ensure that the corporation meets and maintains the 
requirements of its effluent discharge permit; the protection of the surface waters 
at Matsapha from pollution; the protection of aquatic life and the health and 
livelihoods of the riparian communities downstream of Matsapha. 
 The Swaziland Water Services Corporation should make it a requirement that 
industries pre-treat their wastewaters to set standards or agreed levels before 
discharge into the sewer line or wastewater treatment plant instead of only 
imposing a fine, for this is unsustainable to the Lusushwana River as the 
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wastewater treatment plant fails to treat these wastes effectively and continues to 
pollute the surface waters at Matsapha. 
 The Swaziland Water Services Corporation should only take payment for treating 
industrial wastewaters if they have the ability to provide effective treatment; and 
ensure that illegal discharges into the sewer line and wastewater treatment plant 
are subject to civil as well as criminal prosecution. 
 The Swaziland Water Services Corporation should have a contingency plan for 
powering the sewer line booster pumps when there are power interruptions at 
Matsapha. Power interruptions occur frequently because of limited electrical 
capacity or because of cable theft. Also, the corporation should ensure that 
blocked booster pumps and manholes are cleared promptly. 
 The Swaziland Water Services Corporation should review if the present booster 
pumps are still sufficient in the industrial estate, considering the increased 
industrial, commercial, and residential development that has taken place over time. 
 The Swaziland Water Services Corporation should fix leaks on all manholes, and 
ensure that they have covers to deter people from disposing of solid or liquid 
wastes into manholes. 
 The Swaziland Water Services Corporation should cooperate with the Matsapha 
Town Board through sharing information and reports on industrial monitoring. 
 
6.6.5 Recommendations for Further Research 
Section 6.4 shows that findings from this research study has contributed to the body of 
scientific knowledge, and to policy and practice in the Swaziland environmental sector. 
Despite the achievements, however, the following research topics require further 
investigation: 
 Further studies are needed to investigate anthropogenic pollution upstream of the 
Lusushwana River from Matsapha. 
 There is the need to quantify and control the physical, microbial, organic and 
inorganic pollutants; and nutrients that enter the Lusushwana River for effective 
pollution management at source. 
 Further study is needed on the type of wastewater treatment suitable for the 
Matsapha industrial estate. 
 Studies are needed on how much pollution (Total maximum daily load) the 
Lusushwana River can receive and still meet surface water quality standards. 
 More investigation is needed to establish the direct link between the health 
impacts in the riparian communities downstream of Matsapha and the water 
quality of the Lusushwana River. 
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 More investigation is needed to establish whether there is a direct link between the 
economic/livelihood impacts in the riparian communities downstream of Matsapha 
and the water quality of the Lusushwana River. 
 The capacity needs of the environmental monitoring agencies and companies at 
Matsapha in terms of technology, finance, skills and education should be 
investigated. 
 Factors that constrain or enhance effective communication and collaboration of the 
stakeholders towards effective pollution monitoring and legislation enforcement at 
Matsapha should be studied in detail. 
 
The above recommended research topics does not undermine this study but set a 
foundation for further research regarding sustainable environmental management of the 
Lusushwana River.  
 
6.7 Likely Consequences, Outcomes & Cost Implications of 
the Study Recommendations 
In a nutshell the pollution of the Lusushwana River is exacerbated by inefficient and 
ineffective water and wastewater monitoring and legislation enforcement by environmental 
monitoring agencies; and lack of responsibility and accountability by proprietors of 
companies at Matsapha. Major comments and suggestions for minimizing pollution were 
raised by the stakeholders and centres around effective monitoring and legislation 
enforcement, capacity building, developing and implementing incentives, disincentives 
and wastewater standards, wastewater pre-treatment, licensing and authorization of 
wastewater discharges, proper zoning of industries, control of development through 
trading licences, environmental impact assessment, and environmental auditing, and 
voice and pressure.  Therefore there is the need that all the incentives and disincentives; 
drivers and barriers; and interventions and recommendations raised by the stakeholders 
are selected and combined for effective licensing and authorisation; command and control 
measures. These need to be integrated with economic and persuasive instruments in 
order to facilitate effective management and control of pollution of the Lusushwana River.  
 
The study recommendations point to that putting up the appropriate water and wastewater 
monitoring and legislation framework for Matsapha would require capacity development in 
areas of finance; environmental education awareness, and skills acquisition. However, 
part of the ineffective pollution management at Matsapha was identified to stem from lack 
of resources (financial, human, technical, and structural) on the part of the proprietors of 
companies and the environmental monitoring agencies. Efficient and effective water and 
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wastewater monitoring and legislation enforcement entails capital and operational costs. 
The actual cost of implementing the recommendations may be too high for the 
environmental monitoring agencies who operate without adequate funding for providing 
effective and efficient environmental monitoring resources (i.e. comprehensive monitoring 
programmes, adequate and qualified staff, infrastructure, vehicles for routine monitoring, 
equipment and tools). It is beyond the scope of the thesis to identify how the 
recommendations could be funded, but the researcher is in dialogue with staff from the 
environmental monitoring agencies about how to begin implementation. However, there is 
a need for financial assistance for funding capital and operational costs from Government, 
and donor agency.   
 
Implementation of these recommendations will be expensive, and will require substantial 
investment in staff, equipment and other resources. If adopted, however, the quality of the 
Lusushwana River will improve and better sustainable environmental management 
encouraged. Further, there will be improvements in the health and livelihhods of the 
riparian communities.  
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                311 
References 
 
Addo-Yobo, F.N. (2005). Consumer Behaviour Approach to Improving Water Services to the 
Urban Poor: A Study from Ghana. Loughborough University. Department of Civil and 
Building Engineering. Thesis (Ph.D.) - Loughborough University, 2005.   
AfricaSan + 5 Conference on Sanitation and Hygiene. (2008). The eThekwini Declaration and 
AfricaSan Action Plan. WSP (Water and Sanitation Program) – Africa. 
Aspects International Ltd. (2006). Crystal Clear Consulting & Mechants (Pty) Ltd. Aspects 
International IEMA Approved Environmental Auditors‘s Training Programme. South Africa.  
AQUASTAT-FAO. (2005). Swaziland‟s Water Profile. AQUASTAT-FAO. Available at 
http://www.fao.org/nr/water/aquastat/ countries/swaziland/index.stm. [Last accessed 
20/10/2007].  
Babbie, E.R. (1990). Survey Research Methods, 2nd edn. Belmont, California: Wadsworth 
Publishing Company. 
Babbie, E.R. (1979). The Practice of Social Research, 2nd ed. Belmont, California: Wadsworth 
Publishing Company. 
Basit, T.N. (2003). Manual or electronic? The role of coding in qualitative data Analysis.  
Educational Research. Vol. 45, No. 2: pp 143–154. 
Bickman and Rog (eds.)(1998). Handbook of Applied Social Research Methods. California: 
Sage.   
BICON Consulting Engineers. (2009). Matsapha Drainage Study. Bicon Consulting Engineers, 
Mbabane, Swaziland. 
Björklund, G., Burke, J., Foster, S., Rast, W., Vallée, D.,  and van der Hoek, W. (2009). Impacts 
of Water Use on Water Systems and the Environment. In UNESCO (2009). The United 
Nations World Water Development Report 3, Water in a Changing World. Available at 
http://www.unesco.org/water/wwap/wwdr/wwdr3/pdf/WWDR3_Water_in_a_Changing_ 
World.pdf [Last accessed 10/05/2011]. 
Björklund, G., Burchi, S., Connor, R., Cosgrove, W., Hendry, S., Moriarty, P., Rast, W., Salamé, 
L., and Winpenny, J. (2009). Policies, Laws and Finance. In UNESCO (2009). The United 
Nations World Water Development Report 3, Water in a Changing World. Available at 
http://www.unesco.org/water/wwap/wwdr/wwdr3/pdf/WWDR3_Water_in_a_Changing_Wo
rld.pdf [Last accessed 10/05/2011]. 
Björklund, G., Connor, R., Goujon, A., Hellmuth, M., Moriarty, P Rast, W., Warner, K., and 
Winpenny, J. (2009). Demographic, 
Economic and Social Drivers. In UNESCO (2009). The United Nations World Water 
Development Report 3, Water in a Changing World. Available at  http://www.unesco.org 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                312 
/water/wwap/wwdr/wwdr3/pdf/WWDR3_Water_in_a_Changing_World.pdf [Last accessed 
10/05/2011]. 
Björklund, G., Bullock, A., Hellmuth, M., Rast,W., Vallée, D., and Winpenny, J. (2009). Water‟s 
many Benefits. In UNESCO (2009). The United Nations World Water Development Report 
3, Water in a changing World.  Available at http://www.unesco.org/water/wwap/wwdr/ 
wwdr3/pdf /WWDR3_Water_in_a_Changing_World.pdf [Last accessed 10/05/2010]. 
Black, T.R. (1999). Doing Quantitative Research in the Social Sciences: An integrated 
Approach to Research Design, Measurement and Statistics. London: Sage. 
Bless, C., and Higson-Smith, C. (2000). Fundamentals of Social Research Methods. An African 
Perspective. Lansdowne: Juta Education (Pty) Ltd. 
Bootsman, C.S., and Schmidt, C.F, (1983). A Spatial Analogue of Potential Desertification in 
Swaziland. Desertification Control. Volume 9 pp31-39.  
Building Design Group Swaziland (2007). Matsapha Town Planning Scheme 2006-2016.  
Matsapha Town Board, Swaziland. 
 Bullock, A., Cosgrove, W., van der Hoek, W., and Winpenny, J. (2009). Getting Out of the Box 
– Linking Water to Decisions for Sustainable Development. In UNESCO (2009). The 
United Nations World Water Development Report 3, Water in a Changing World.  
Available at http://www.unesco.org/water/wwap/wwdr/wwdr3/pdf/WWDR3_Water_ in_a_ 
Changing_World.pdf [Last accessed 10/05/2011]. 
Building Design Group Swaziland (2007). Matsapha Town Planning Scheme. Mbabane, 
Swaziland. 
Bryman, A. (2004). Social Research Methods. 2nd edn. Oxford: Oxford University. 
Bryman, A., and Cramer, D.(2005). Quantitative Data Analysis with SPSS 12 and 13. A Guide 
for Social Scientists. London: Routleledge. 
Burns, R.B. (2000). Introduction to Research Methods. 4th edn. London: Sage.   
Cavill, S. (2005). An Investigation of Improvement to Urban Services through Accountability. 
Loughborough University. Department of Civil and Building Engineering. Thesis (Ph.D.) - 
Loughborough University, 2009.   
Campbell, D.T., and Stanley, J.C. (1963). Experimental and Quasi-experimental Designs for 
Research on Teaching. In Gage, N.L. (ed.) Handbook of Research on Teaching. Chicago: 
Rand-McNally. 
Chambers, R. (1983). Rural Development: Putting the Last First. London: Longman. 
Clarke, A.M. (1998). The Qualitative-quantitative Debate: Moving from Positivism & 
Confrontation to Post-positivism & Reconcioliation. Journal of Advanced Nuirsing. Issue 
27, No. 6, pp 1242-1249 
Cook, T.D., and Campbell, D.T. (1979a). Quasi-experimentation: Design and Analysis Issues 
for Field Settings. Boston: Houghton-Mifflin. 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                313 
Cook, T.D., and Campbell, D.T. (1979b). Four Kinds of Validity. In R.T. Mowday and R.M. 
Steers (Eds.), Reseach in organizations: Issues and Controversies. Santa Monica, CA: 
Goodyear Publishing. 
Coffey, A., and Atkinson, P. (1996). Concepts and Coding. In A. Coffey and  P. Atkinson, (Eds.) 
(1996). Making Sense of Qualitative Data. California: Sage 
Connor, R., Goujon A., Hellmuth M and Warner K., (2009). Demographic, Economic and Social 
Drivers,  In UNESCO (2009). The United Nations World Water Development Report 3, 
Water in a Changing World.  Available at http://www.unesco.org/water/ wwap /wwdr/ 
wwdr3/pdf/WWDR3_Water_in_a_Changing_World.pdf [Last accessed 17/03/2011]. 
Connor, R., Gallopín, G., Hellmuth, M., and Rast, W., (2009). Climate Change and Possible 
Futures. In UNESCO (2009). The United Nations World Water Development Report 3, 
Water in a Changing World.  Available at http://www.unesco.org/water/wwap/ 
wwdr/wwdr3/pdf/WWDR3_Water_in_a_Changing_World.pdf [Last accessed 17/03/2011]. 
Connor, R., Faurès, J., Kuylenstierna, J., Margat, J., Steduto, P., Vallée, D., and van der Hoek, 
W., (2009).  Evolution of Water Use. In UNESCO (2009). The United Nations World Water 
Development Report 3, Water in a changing World.  Available at  http://www. unesco. 
org/water/wwap/wwdr/wwdr3/pdf/WWDR3_Water_in_a_Changing_World.pdf [Last 
accessed 17/03/2011]. 
Cook, T.D. and Campbell, D.T. (1979). Quasi-Experimentation: Design and Analysis Issues for 
Field Settings. Chicago: Rand McNally College Publishing. 
Convention on Biological Diversity (CDB). 2005. Inland Waters Biodiversity Introduction. 
Montreal: Secretariat of the Convention on Biological Diversity. Available at 
http://www.biodiv.org/programmes/areas/water/default.asp [Last accessed 15/08/ 2010]. 
Creswell, J.W., and Plano Clark, V.L. (2007). Designing and Conducting Mixed Methods 
Research. Sage Publications, Inc: London, UK. 
Creswell J.W. (2003). Research Design: Qualitative, Quantitative, and Mixed Methods 
Approaches, 2nd ed. California: Sage. 
Crossan, F. (2003). Research Philosophy: Towards an Understanding. Nurse Researcher. 
Volume 11 No. 1: pp 46-55. Available at http://www.slis.indiana. edu/ faculty/hrosenba 
/www/Research/methods/crossan_res-philo.pdf [Last accessed 15/08/ 2010]. 
Crotty, M. (1998). The Foundation of Social Research: Meaning and Perspective in the 
Research Process. London: Sage.  
Department of Water Affairs and Forestry (DWAF). (2001). Quality of Domestic Water Supplies 
Volume 3: Analysis Guide.  Pretoria: Department of Water Affairs and Forestry. 
Department of Water Affairs and Forestry (DWAF). (2001). Quality of Domestic Water Supplies 
Volume 2: Sampling Guide.  Pretoria: Department of Water Affairs and Forestry. 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                314 
Department of Water Affairs and Forestry (DWAF). (1999). A Framework for Implementing Non-
point Source Management under the National Water Act. WRC Report No. TT 115/99. 
DWARF Report No. WQP 0.1. 
Denscombe, M. (2007). The Good Research Guide, 3rd edn. London: Open University Press. 
Denzin, N.K., Lincoln, Y.S.(2005). The SAGE Handbook of Qualitative Research, 3rd edn. 
London: Sage.  
Department of the Army, US Corps of Engineers. (1981). Swaziland: Water and Related Land 
Resources Framework Plan. Mbabane, Swaziland. 
De Vaus, D.A. (2001). Research Design in Social Research. London: Sage.  
Dey, I. (1993). Qualitative Data Analysis: A user Friendly Guide for Social Scientists. London: 
Routledge. 
Diener, E., and Crandall. R. (1978). Ethics in Social and Behavioral Research. Chicago; 
London: University of Chicago Press. 
Dlamini, K.D., and Joubert, P.N. (1996). ―Industrial Development, Pollution and Disease: The 
Case of Swaziland‖. Pula: Botswana Journal of African Studies Vol. 10 No.1, 72-82. 
Available from http://archive.lib.msu.edu/DMC/ African%20 Journals / pdfs /PULA 
/pula010001/pula010001007.pdf [Last viewed 26/03/2011]. 
Dlamini, S. K. (2007). Assessment of Boiavailable Heavy Metal Components in Sediments and 
their Accumulation in Phragmites australis in the Usushwana River along the Matsapha 
Industiral Area. University of Swaziland, Facult of Science. Dissertation (BSc) - University 
of Swaziland, 2007. 
Doe, S.R. (2003). Sustainability of Community Water Management: Case Studies from Ghana. 
Loughborough University. Department of Civil and Building Engineering. Thesis (Ph.D.) - 
Loughborough University, 2009.   
Easterby-Smith, M., Thorpe, R., & Lowe, A. (1991). Management Research: an Introduction. 
London: Sage Publications. 
Easterby-Smith, M., Thorpe, R., and Lowe, A. (1997). Management research: An Introduction. 
London: Sage Publications. 
Ellis, K.V. (1991). Water Engineering and Development Centre (WEDC) Modules. Surface 
Water Pollution & its Control. WEDC, Loughborough University, Loughborough, UK. 
Ellis, K.V. (1991). Water Engineering and Development Centre (WEDC) Modules. Operation of 
a Surface water Pollution Control Organization. WEDC, Loughborough University, 
Loughborough, UK. 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                315 
FAO-AQUASTAT (2005). Water Demand Management Programme for Southern Africa, Country 
Report for Swaziland. Available at http://www.fao.org/nr/water/aquastat/countries 
/swaziland/index.stm. (Last accessed 10/06/ 2010). 
Farolfi, S., Mabugu, R.E., and Ntshingila, S.N. Domestic Water Use and Values in Swaziland: A 
Contingent Valuation Analysis. Agrekon, Volume 46, no. 1 pp 157-170. March 2007. 
Available at http://ageconsearch.umn.edu/bitstream/10130/1/ 46010157.pdf. (Last 
accessed 20/03/ 2008). 
Fellows, R., & Liu, A. (2003). Research Methods for Construction. Oxford: Blackwell Science. 
Fink, A.(1995). The Survey Kit. Vol. 1. The Survey Handbook.  Thousand Oaks, Calif. ; London: 
Sage Publications.  
Fink, A.(1995). The Survey Kit. Vol. 2. How to Ask Survey Questions. London: Sage 
Publications. 
Fink, A.(1995). The Survey Kit Vol. 5. How to Design Surveys. London: Sage Publications.  
Fink, A.(1995). The Survey Kit. Vol. 6. How to Sample in Surveys. London: Sage Publications. 
Fink, A.(1995). The Survey Kit. Vol. 8. How to Analyze Survey Data. London: Sage 
Publications. 
Fink, A.(1995). The Survey Kit. Vol. 9.  How to Report on Surveys. London: Sage Publications. 
First Environmental Consultants, (1997). Matsapha Landfill Environmental Audit and 
Comprehensive Mitigation Plan. First Environmental Consultants, Mbabane, Swaziland. 
First Environmental Consultants, (2009). Bicon Consulting Engineers Matsapha Drainage 
Study: Water Quality Investigation. Bicon Consulting Engineers, Mbabane, Swaziland. 
GEMS-Water (Global Environment Monitoring System–Water Programme). (2007). Water 
Quality Outlook.  Available at http://www.gemswater.org/common/pdfs/water_quality_ 
outlook.pdf [Last accessed 15/08/2010]. 
GEMS-Water (Global Environment Monitoring System–Water Programme). (2008). Water 
Quality for Ecosystem and Human Health. 2nd edn. Nairobi: United Nations Environment 
Programme.  Available at http://www.gemswater.org/publications/ pdfs/ water_ 
quality_human_health.pdf [Last accessed 15/08/ 2010]. 
Gillham, B., (2000). Case Study Research Methods. London: Continuum. 
Global Water Partnership Southern Africa. (2007). Guidelines for Establishing and 
Operationalising Water Management Institutions in Swaziland. Swaziland Country 
Partnership.Mbabane, Swaziland. 
Goichot, M., (2006). Management of Watersheds of Large Rivers Yangtze, Mekong and 
Salween. Hanoi, Vietnam: WWF Greater Mekong Programme. 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                316 
Gorman, G. E., and Clayton, P.R. (1997). Qualitative Research for the Information Professional 
: A  Practical Handbook: London: Library Association.   
Government Gazette. (1984). Requirements for the Purification of Wastewater or Effluent. 
Gazette No 9225, Regulation No 991, 18 May 1984. 
Guba, E.G., and Lincoln, Y.S. (1989). Fourth Generation Evaluation. Newbury Park, Calif: Sage 
Publications 
Gurria, A. (2007). Guest Editorial: Water—A Global Challenge and a Priority for the OECD. 
International Journal of Water Resources Development. Volume 23 no. 4: pp 563-570, 
December 2007.  
Grinnell, R. (1993). Social Work Research and Evaluation,  4th ed. Illinois: F.E. Peacock  
Publishers. 
Grinnell, R.M. (1997). Social Work Research and Evaluation,  5th ed. Illinois: F.E. Peacock 
Publishers. 
Hakim, C. (1986). Research Design: Strategies and Choices in the Design of Social Research. 
London: Allen and UNwinin. 
Hammersley, M. (1992). What's Wrong with Ethnography? Methodological Explorations. 
London: Routledge.  
Hancock, B., Windridge, K., & Ockleford, E. (2007).  An Introduction to Qualitative Research.  
UK: Trent RDSU. 
Hlophe, B. (2009). Persistent Organic Pollutants (POPs). Swaziland Rises to Meet Obligations 
of the Stockholm Convention. In Swaziland Environment Authority News Letter, April 
2009. Environmental Matters. Ensuring the Integration of Environmental Concerns into 
Swaziland‘s Development Process. Volume 1. Issue 1. 
Hughes, J. (1994). 'Philosophy' of the Social Sciences and Empirical Research : Critical 
Observations from a Process-Sociological Perspective. Leicester: University of Leicester, 
Department of Sociology.  
Houghton Mifflin Company, (2002). The American Heritage Stedman's Medical Dictionary. 
Houghton Mifflin. 
Homan, R. (1991). Ethics in Social Research. Harlow: Longman. 
IC Development Consultants, (2007). Water Quality Assessment of the Lusushwana River 
Basin: Pollution Control and Monitoring. IC Development Consultants, Mbabane, 
Swaziland. 
IC Development Consultants, (2009). Lusushwana Environs Environmental Evaluation. IC 
Development Consultants, Mbabane, Swaziland. 
Intergovernmental Panel on Climate Change (IPCC). 2001a. Working Group III:Mitigation. 
Geneva, Switzerland: World Meteorological Organization. Available at 
http://www.grida.no/climate/ipcc_tar/wg3/059.htm (Last accessed 05/06/ 2010). 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                317 
Intergovernmental Panel on Climate Change (IPCC). 1997. Regional Impacts Chapter 2: Africa. 
2.3.2. Hydrology and Water Resources. And Regional Impacts Chapter 2: Africa. African 
Lakes and Climate Change. In: Special Report on the Regional Impacts of Climate 
Change An Assessment of Vulnerability. Geneva, Switzerland: World Meteorological 
Organization.  Available at http://www.grida.no/climate/ipcc/ (Last accessed 25/10/ 2010). 
Isiadinso, C. (2008). Integrating Deconstruction into the Project Delivery Process. 
Loughborough University. Department of Civil and Building Engineering. Thesis (Ph.D.) - 
Loughborough University, 2009.   
Kayaga, S.M. (2001). The Influence of Customer Perceptions of Urban Utility Water Services on 
Bill Payment Behaviour: Findings from Uganda. Loughborough University. Department of 
Civil and Building Engineering. Thesis (Ph.D.) - Loughborough University, 2001. 
Kelinger, F.N. (1986). Foundation of Behavioral Research (3rd ed.). New York, USA: Holt, 
Rinehart and Winston. 
Kelinger, F.N. (1979). Behavioural Research: A Conceptual Approach. New York, USA: Holt, 
Rinehart and Winston. 
Kerri, K. And Campbell, D. (1994). Industrial Waste Treatment: A Field Study Training Program. 
(2nd edn.). California: California State University, Sacramento Foundation, Department of 
Civil Engineering. 
Kervin. J.B. (1992). Methods for Business Research. New York : HarperCollins. 
Kirk, J., & Miller, M.L. (1986). Reliability & Validity in Qualitative Research. Beverly Hills ; 
London : Sage Publication. 
Kumar, R. (1996). Research Methodology: A Step-by-Step Guide for Beginners. London: Sage 
Publication.  
Kundzewicz, Z., and Mata, L.J. (2003). Concept paper on cross-cutting theme: Water. 
Completed in preparation for the IPCC‟s Fourth Assessment Report (for 2007). 
September 2003. Geneva, Switzerland. Available at http://www. ipcc.ch/activity/ar.htm; 
http://www.ipcc.ch/activity/cct6.pdf [Last accessed 11/09/ 2010]. 
Knight Piesold Consulting Engineers. (1997). Swaziland Water Sector Situation Report. Knight 
Pie‘sold Consulting Engineers, Mbabane Swaziland.  
La Pelle, N. (2004). Simplifying Qualitative Data Analysis Using General Purpose Software 
Tools. Field Methods, Volume. 16, no.1: pp 85-108.  
LeCompte, M.D., and Goetz, J.P. (1984). Ethnography and Qualitative Design in Educational 
Research. Orlando ; London : Academic Press. 
Leedy, P. D. (1989). Practical Research: Planning and Design. (5th ed.), MacMillan. 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                318 
Li, Y., Huang, C.K., Liu, J.L., Wang, Q., and Yang, Z.F. (2007). Non-point Source Pollution 
Impact on Water Quality of Lake Baiyangdian, China. Proceedings of 11th International 
Conference on Diffuse Pollution. Belo Horizonte, Brasil. August 26-31, 2007. 
Lincoln, Y.S., & Guba, G. (1986). Naturalistic Inquiry, London, UK: Sage Publication. 
Mabuza, F. (2009). SWSC Accused of Polluting Usushwana River. Mbabane: Weekend 
Observer. 
Mallory, S. (2002). Overview of the Water Resources of the Usutu-Mhlathuze Water 
Management Area. Prepared for the Department  of Water Affairs & Forestry (DWAF) and 
Deaprtment for International Development (DFID) Strategic Environmental Assessment. 
Republic of South Africa. 
Mariampolski, H. (2001). Qualitative Market Research: A Comprehensive Guide. London: Sage 
Publications. 
Mavimbela, S.S.K. (1992). Diminishing Freshwater Resources in the Kingdom of Swaziland. 
Dresden University of Technology, Dresden. 
Mavimbela, S. (1995). The Need for SARCCUS Member Countries to have an Autonomous 
Environmental Institution. Fifteenth Regular Meeting of the SARCCUS Sub-committee for 
the Control of Environmental Pollution. Report for SARCCUS. 
Mavimbela, S. (1996). The State of Environmental Pollution in Swaziland with Special Emphasis 
on Water Pollution. Environment Workshop for IUCN, Swaziland. 
Mayer, R.R., & Greenwood, E.(1980). The Design of Social Policy Research. New Jersey, USA: 
Prentice- Hall, Inc.  
Maxwell, J.A. (1996). Qualitative Research Design: An Interactive Approach. London: Sage 
Publications. 
McCracken, G. (1988). The Long Interview. Sage University Paper Series on Qualitative 
Research Methods, No. 13. Newbury Park, California: Sage Publications. 
MEA (Millennium Ecosystem Assessment). 2005. Ecosystem and Human Well-being  Volume 1. 
USA: Island Press. Available at http://www.millenniumassessment.org/documents/ 
document.356.aspx.pdf (Last accessed 12/09/2010). 
MEA (Millennium Ecosystem Assessment). 2005. Ecosystems and Human Well-Being: 
Wetlands and Water Synthesis. Washington, DC: World Resources Institute. Available at 
http://www.millenniumassessment.org/documents/document. 356.aspx.pdf (Last accessed 
12/09/2010). 
Metcalf & Eddy. (2003). Wastewater Engineering: Treatment and Reuse. (4th Ed.). Newyork: 
McGraw-Hill  
Millennium Ecosystem Assessment (MA). 2005a. Ecosystems and Human Well-Being: 
Wetlands and Water Synthesis Report. Jose Sarukhan, Anne Whyte and MA Board of 
Review Editors. (eds). Washington DC: World Resources Institute. Available at 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                319 
http://www.millenniumassessment.org/proxy/Document.358.aspx  (Last accessed 12/09/ 
2010). 
Millennium Ecosystem Assessment (MA). 2005. Ecosystems and Human Wellbeing:Current 
State and Trends, Volume 1. Chapter 7. Freshwater. Frank Rijsberman, Robert Costanza, 
Pedro Jacobi. (Eds). Washington DC:  World Resources Institute. Available at 
http://www.millenniumassessment.org/proxy/Document.276.aspx (Last accessed 12/09/ 
2010). 
Ministry of Enterprise and Employment (MEE), (2006). Swaziland Introduction: The Official 
SADC Trade, Industry and Investment Review 2006. Trade promotion Unit, Ministry of 
Foreign Affairs and Trade, Mbabane, Swaziland. Available at 
http://www.sanec.org/images/stories/Country/Swaziland_Review_2006.pdf [Last accessed 
20/03/2010]. 
Ministry of Natural Resources and Energy (MNRE). (2002).Swaziland‟s National Report to the 
World Summit on Sustainable Development 2002. Available at  waziland_ natlasses_ 
1109.pdf [Last accessed 20/03/2010]. 
Ministry of Natural Resources and Energy (MNRE). (2001).State of the Environment Report for 
Swaziland. Available at http://www.environment.gov.sz/files/soer.pdf [Last accessed 
20/03/2010]. 
Ministry of Natural Resources and Energy (MNRE). (2007). Water Quality Management 
Lusushwana River Basin. Water Resource Branch, Ministry of Natural Resources and 
Energy, Mbabane, Swaziland: Webster Print. 
Ministry of Natural Resources and Energy (MNRE). (2007). Water Resources Development and 
Management in Swaziland. Mbabane, Swaziland: Webster Print. 
Ministry of Natural Resources and Energy (MNRE). (Undated). Kingdom of Swaziland Ministry 
of Natural Resources and Energy Water Resourch Branch Chemical Laboratory Manual of 
Analytical Methods: Chemical Analysis of Water & Wastewater. Ministry of Natural 
Resources and Energy- Water Resourch Branch, Mbabane, Swaziland. 
Ministry of Public Works and Transport (MPWT) (2004). Swaziland‟s First National 
Communication. United Nations Framework Convention on Climate Change. National 
Repor on Climate Change. Mbabane, Swaziland. Available at 
http://unfccc.int/resource/docs/natc/swanc1.pdf. [Last Accessed 10 May 2010].  
Mouton, J. (2001). How to Succeed in your Master‟s and Doctoral Studies. Pretoria, South 
Africa: Van Schaik. 
Mtetwa, V. S. B. (1996), River Pollution Studies in Swaziland: Assessment and Monitoring of 
Water Quality Parameters of Usushwana (Little Usuthu) River. Uniswa Research. Journal 
of Agriculture, Science and Technology.  Vol. 1, No. 1 pp 103-110, 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                320 
Muschack, W. (1990). Pollution of Street Runoff by Traffic and Local Condition. Sci. Total 
Environ. Volume 93, pp 489-491.  
Mushala, H.M. (2000). Environmental Issues in the Sustainable Development of Swaziland. In 
P.G. Forster and B.J. Nsibande (eds.). Swaziland:  Contemporary Social and Economic 
Issues. USA: Ashgate Publishing Company. 
Mushala, H.M.,  Morgan R.P.C., Scholten, T., Felix-Henningsen, P., and Rickson, R.J. (1997). 
Soil Erosion and Sedimentation in Swaziland: an Introduction. Elsevier Science, Soil 
Technology. Volume 11, pp 219-228. 
Mwendera, E.J., Manyatsi, A.M., Magwenzi O., and Dlamini S.M. (2002). Water Demand 
Management Programme for Southern Africa, Country Report for Swaziland. Pretoria: 
IUCN (The World Conservation Union) Southern Africa Country Office, Pretoria. 
Nkambule, J.S, Mtshali, J.S. and Mashwama, S.N. Assessment of Water Quality Parameters for 
Montshane River, Ngwenya Industrial Site in Swaziland. Available from Environment and 
Health International EJISDC 8 (2): 5-16. 2006. ifeh-magazine-2006_v8_n2.pdf  (Last 
accessed 20/03/2008). 
Nkansah, A. (2009). Management of Faecal Sludge in the Urban Areas of Low-income 
Countries a Case of Tamale, Ghana. Loughborough University. Department of Civil and 
Building Engineering. Thesis (Ph.D.) - Loughborough University, 2009.   
Neuman, W.L. (1997).  Social Research Methods. Qualitative and Quantitative Approaches. (3rd 
Ed.). Needham Heights, Allyn and Bacon: MA. 
Ochieng, E.G. (2008). Framework for Managing Multi-Cultural Project Teams. Loughborough 
University. Department of Civil and Building Engineering. Thesis (Ph.D.) - Loughborough 
University, 2008.   
Parr, J., and Horan, N.J. (1994). Process Selection for Sustainable Wastewater Management in 
Industrializing Countries. University of Leeds Research Monography No. 2. UK: University 
of Leeds. 
Pana Press, (2003). Riparian Communities Suffer Pollution in Swaziland. UNEP, (2003) (eds). 
The Environment in the News. Nairobi, Kenya: UNEP Communications and Public 
Information.   Available from http://www.panapress.com/newslat.asp? code=eng 
015207&dte=06/10/2003. (Last accessed 06/10/2010). 
Patton, M.Q. (2002). Qualitative Research and Evaluation Methods (3rd ed,). London: Sage 
Publications. 
Pegram, G.C., and Gorgens, A.H.M. (2001). A Guide to Nonpoint Source Assessment - to 
Support Water Quality Management of Surface Water Resources in South Africa. WRC 
Report No. TT 142/01. Water Research Commission, Pretoria. 
Perry, C. (2002). A Structured Approach for Presenting Research Theses. Notes for Students 
and their Supervisors. Australian Marketing Journal. Volume 6 no. 1, pp. 63-86. Available 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                321 
from http://web.up.ac.za/sitefiles/File/40/753/perry_ thesis_ structure.pdf  Last accessed 
15/10/2007. 
Polit, D.F. (2001). Essentials of Nursing Research: Methods, Appraisals and Utilisation. 
Philadephia: Lippincott. 
Proctor, S. (1998). Linking Philosophy and Method in the Research Process: the case for 
realism. Nurse Researcher. Volume 5 No. 4: pp73-79. 
Prüss-Üstün, A., and Corvalán, C. (2006). Preventing Disease through Healthy Environments. 
Towards an Estimate of the Environmental Burden of Disease. Geneva: World Health 
Organization. Available at www.who. int/ quantifying_ ehimpacts/ 
publications/preventingdisease/en/index.html. [Last accessed, 20/02/2011). 
Prüss-Üstün, A., Bos, R., Gore, F., & Bartram, J. (2008). Safer Water, Better Health: Costs, 
Benefits and Sustainability of Interventions to Protect and Promote Health. Geneva: World 
Health Organization. 
Punch, K.F.(1998). Introduction to Social Research: Quantitative and Qualitative Approaches.  
London: Sage Publications. 
Reed, B., Dijkstra, T., ans Hickie, D. (Undated). Environmental Economics. UK: WEDC 
Loughborough University. 
Reed, B. (2007). Unit 2. Aquatic Pollution & its Control. UK: WEDC Loughborough University. 
Reinard, J. (2001). Introduction to Communication Research (4th ed).  Boston, USA: McGraw 
Hill. 
Richards, T.J., & Richards, L. (1994). Using Computers in Qualitative Research. In N.K. Denzin 
and Y.S. Lincoln (eds). Handbook of Qualitative Research. California, USA: 
Sage,Thousand Oaks DS 
Robson, C. (1993). Real World Research: A Resource for Social Scientists and Practitioner-
Researchers. Oxford: Blackwell  
Robson, C. (2002). Real World Research: A Resource for Social Scientists and Practitioner-
Researchers. (2nd  ed.). Oxford, UK: Blackwell. 
Roche, C. (1999). Impact Assessment for Development Agencies. Oxford: Oxfam publications. 
Ryan, G.W. (2004). Using a Word Processor to Tag and Retrieve Blocks of Text. Field Methods. 
Vol.16, No.1: pp 109-130.  
Sansalone, J.J., and Buchberger, S. (1997). Characterization of Solid and Metal Element 
Distributions in Urban Highway Stormwater. Water Sci Technol. Volume 36, Issue 8-9, Pp 
155-160. 
Saunders, M., Lewis, P., and Thornhill, A. (2006). Research Methods for Business Students ( 4th 
ed.).  Harlow: Financial Times Prentice Hall  
 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                322 
Saywell, D. (2000). User Based Perceptions of on-plot sanitation systems in low-income urban 
communities in Africa and Asia. Loughborough University. Department of Civil and 
Building Engineering. Thesis (Ph.D.) - Loughborough University, 2000   
Schneider, D.K. (2005). Research Design for Educational Technologists: Qualitative Data 
Analysis. Geneva, Switzerland: TECFA, University of Geneva. 
Schuyt, K. (2005). Freshwater and Poverty Reduction: Serving People, Saving Nature: An 
economic analysis of the livelihood impacts of freshwater conservation initiatives. Gland, 
Switzerland: WWF International. 
Seale, C.F. (2002). Computer Assisted Analysis of Qualitative Data. In Gubriumand, F., and 
Holstein, J.A. (eds). Handbook of interview research, 651-70. California, USA: Sage, 
Thousand Oaks. 
Shih, F.J. (1998). Triangulation in Nursing Research: Issues of Conceptual Clarity and Purpose. 
Journal of Advanced Nursing, Sep, 1998, Vol.28(3), p.631-41 [Peer Reviewed Journal]  
Shiklomanov, I. A. (eds). (2002). Comprehensive Assessment of Freshwater Resources of the 
World: An Assessment of Water 
Resources and Water Availability in the World. Stockholm. 
Shiklomanov, I.A., and UNESCO (1999). World Water Resources: Modern Assessment and 
Outlook for the 21st Century. Summary of World Water Resources at the Beginning of the 
21st Century. Prepared in the framework of IHP-UNESCO 
Shiklomanov, I. A., and Rodda, J. C. (2003). World Water Resources at the Beginning of the 
21st Century. Cambridge: Cambridge University Press. 
Shiklomanov, I.A. (2002). Regional Distribution of Rivers and Streams in Africa, UNESCO 
Encyclopaedia on Life Support Systems. EOLSS. Available from http:// greenplanet. 
ecolss.net/.  (Last accessed 15/10/2007. 
Silveman, D. (2001). Interpreting Qualitative Data: Methods for Analysing Talk, Text and 
Interaction (2nd ed.). London: Sage Publications. 
Singh, A., Dieye, A., & Finco, M. (1999). Assessing Environmental Conditions of Five Major 
River Basins in Africa as Surrogates for Watershed Health. Ecosystem Health.  Vol. 5: pp 
265-274. 
Singh, R.P. (2001). Effects of Wastewater Disposal & Extent of industrial Pollution in & around 
Kanpur, Uttai Pradesh, India. Bulletin of Engineering Geology and the Environment. Vol. 
60. No. 1: pp 31-35. Berlin/Heidelberg: Springer  
Smith, M. (2008). Industrial Wastewater Treatment. WEDC Postgraduate Modules. UK: WEDC 
Loughborough University. 
Spector, P.E. (1981) Researh Designs. Beverly Hills, CA: Sage Publications. 
 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                323 
Standard Methods. (1999). Standard Methods for the Examination of Water and Wastewater 
(20th edn.). Washington, DC: Jointly published by the American Public Health Association, 
America Water Works Association and Water Environment Federation. 
Stark, J.R., Hanson, P.E., Goldstein, R.M., Fallon, J.D., Fong, A.L., Lee, K.E., Kroening, S.E., & 
Andrews, W.J. (2000). “Water Quality in the Upper Mississippi River Basin, Minnesota, 
Wisconsin, South Dakota, Iowa, and North Dakota, 1995-98.” United States Geological 
Survey, Circular 1211. Library of Congress Cataloguing-in-Publications Data.  Available at 
http://pubs.usgs. gov/circ/circ1211/pdf/circular1211.pdf [Last accessed 28/06/2010]. 
Swaziland Government. (1997). The Swaziland Environment Action Plan (SEAP) of 1997. 
Available at http://www.environment.gov.sz/files/seap.pdf. [Last accessed 18/09/2010] 
Swaziland Government. (2003). The Water Act,  No. 7 of 2003. Swaziland: Webster Print. 
Swaziland Government. (2002). The Environmental Management Act, No. 5 of 2002. 
Swaziland: Webster Print. 
Swaziland Government. (1992). The Swaziland Environmental Authority Act, No. 15 of 1992. 
Swaziland: Webster Print. 
Swaziland Government. (2000). The Environmental Audit, Assessment and Review 
Regulations, 2000. Swaziland: Webster Print. 
Swaziland Government. (2000). The Waste Regulations, 2000. Swaziland: Webster Print. 
Swaziland Government. (1937). The Protection of Fresh Water, Fish Act, No. 75 of 1937. 
Swaziland: Webster Print. 
Swaziland Government. (1937). The Fresh Water Fish Regulations, No. 75 of 1937(1). 
Swaziland: Webster Print. 
Swaziland Government. (1969). The Public Health Act, No. 5 of 1969. Swaziland: Webster 
Print. 
Swaziland Government. (1998). Swaziland Administration Order, No. 6 of 1998. Swaziland: 
Webster Print. 
Swaziland Government. (1967). The Purification of Industry Water and Effluent Regulations, No. 
25 of 1967 (1). Swaziland: Webster Print. 
Swaziland Government. (2001). The Flor Protection Act, No 10 of 2001. Swaziland: Webster 
Print. 
Swaziland Government. (1951).  The Natural Resources Act , No 71 of 1951. Swaziland: 
Webster Print. 
Swaziland Government. (1999). The Water Pollution Control Regulations, 1999. Swaziland: 
Webster Print.  
Swaziland Government. (2005). The Constitution of the Kingdom of Swaziland Act 2005.  
Available at  http://www.scribd. com/doc/26185252/Swaziland-Constitution. [Last  
Accessed 20/10/2010] 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                324 
Swaziland Government. (1999). The National Development Strategy (NDS). Available at  
http://www.ecs.co.sz/nds/nds_ chapter1. htm. [Last  Accessed 20/10/2010] 
Swaziland Government. (2009). The Swaziland National Water Policy, Available at  
http://portal.unesco.org/en/ev.php-URL_ID=47381&URL_DO=DO_TOPIC&URL_ 
SECTION=201.html. [Last  Accessed 20/03/2011] 
Swaziland Government. (2000). The Swaziland National Environment Policy.  Available at 
http://www.environment.gov.sz/files /ne_policy. pdf. [Last  Accessed 20/03/2011] 
Swaziland Government. (1992). The Water Services Act, 1992. Swaziland: Webster Print. 
Swaziland Government. (2005). Compendium of Environmental Laws of Swaziland. Swaziland: 
Webster Print. 
Tashakkori, A., and Teddlie, C. (2003). Handbook of mixed methods in the social and 
behavioral sciences. Thousand Oaks, CA : SAGE 
Thyer, B.A. (1983). Single-system Research Design. In R.M. Grinell (eds.). Social Work, 
Research and Evaluation (4th edn.). Illinois, USA: F.E. Peacock Publishers. 
Tripartitite Permanent Technical Committee (TPTC). (2008). Joint Maputo River Basin Water 
Resources Study (JMRBWRS) - Mozambique, Swaziland & South Africa. Main Report-
Integrated Water Resources Management & Future Scenarios for the Maputo River Basin.  
Republic of South Africa: Skoy Plancenter Ltd. 
Tripartitite Permanent Technical Committee (TPTC). (2002). The Tripartite Interim Agreement 
Between the Republic of Mozambique, the republic of South Africa and the Kingdom of 
Swaziland for Cooperation on the Protection and Sustainable Utilisation of the IncoMaputo 
Water  Courses. Mbabases. Mbabane, Swaziland. 
UNECA. (2006). Protecting Ecosystems in Africa. Available at http://www. uneca. Org /awich/ 
awdr%202006/protecting%20 ecosystems%20in%20africa.pdf (Last accessed 11/06/ 
2010). 
UNEP (United Nations Environment Programme). (2007). Global Environment Outlook GEO 4: 
Environment for Development. Nairobi: United Nations Environment Programme. 
Available at http://www.unep.org/geo/GEO4/report/GEO-4_Report_Full_en.pdf  (Last 
accessed 18/09/ 2011). 
UN Secretary General. (2000). “We the Peoples: the Role of the United Nations in the 21st 
Century.” Millennium Report. Available at http://www.un.org/millennium/sg/report/ch4.pdf 
page 7 (Last accessed 20/06/2011). 
United Nations. (2004). International Decade for Action, “Water for Life”, 2005-2015. UN 
Resolution 58/217 of 9 February 2004. New York, NY: United Nations General Assembly.  
Available at http://www.unesco.org/water/water_celebrations/ decades / water_for_life.pdf  
(Last accessed 04/03/2010] 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                325 
United Nations Secretary General‘s Advisory Board on Water and Sanitation. (2006). 
Compendium of Actions, March 2006. United Nation, New York. Available at 
http://www.unsgab.org/top_page.htm. [Last accessed 02/04/ 2007]. 
United Nations Water. (2007). Coping with Water Scarcity: Challenge of the Twenty-first 
Century. Prepared for World Water Day 2007. Available at http://www.unwater.org/ 
wwd07/downloads/Documents/escarcity.pdf [Last accessed 23/03/2007] 
United States Environment Protection Agency. (2006). Nonpoint Source Pollution: the Nation‟s 
Largest Water Quality Problem. Washington, D.C: US Environmental Protection Agency,. 
Available at http://www.epa.gov/nps/facts/point1.htm [Last accessed 02/04/2007] 
United Nations Environment Programme Global Environment Monitoring System/Water 
Programme. (2007). Water Quality Outlook. Ontario Canada: UNEPGEMSWater.  
Available at http://www.gemswater.org/common/pdfs/water_quality_outlook.pdf [Last 
accessed 08/05/2010]. 
United Nations Environment Programme Global Environment Monitoring System/Water 
Programme. (2008). Water Quality for Ecosystem and Human Health, 2nd Edn. Ontario 
Canada: UNEPGEMSWater.  Available at http://www.unwater.org/wwd10/ downloads/ 
water_quality_human_health.pdf [Last accessed 08/05/2010]. 
UNESCO. (2009). The 3rd United Nations World Water Development Report: Water in a 
Changing World (WWDR-3). Available at  http://www.unesco.org/water/wwap/wwdr/ 
wwdr3/pdf/WWDR3_Water_in_a_ Changing_World.pdf [Last accessed 14/07/2010]. 
University of Western Sydney(UWS), Hawkesbury (Richmond and Blacktown). (1997). Study 
Guide and Course Requirements Research Methods: Science in Context SC801A.  
Faculty of Science Technology and Agriculture. UWS, Hawkesbury, Australia. 
US Army Corps of Engineers (1981). Water and Related Land Resources Framework Plan. 
Mbabane, Swaziland. 
van Damme, D Van (2001). Biological Assessment of Water Quality: Simple Methods and 
Guidelines. Waterlines. Vol.20 No.1 pp 2-5.  
van Manen, J. (1990). Researching Lived Experiences: Human Sciences for an Action Sensitive 
Pedagogy. Ontario: The University of Western Ontario. 
van Veelen, M. (2002). The Development of Principles and Procedures for the Establishment of 
Water Quality Objectives for Aquatic Systems and their Application on the Jusskei River 
System , Gauteng.  Rand Afrikaans University, Faculty of Science. Thesis (Ph.D.) - Rand 
Afrikaans University, 2002.   
Vakakis International SA and WS Atkins International, (2000). Impact Assessment Study on the 
Proposed Lower Usuthu Small-holder Irrigation Development Project. Main Report 
W510/XX/0100. Report prepared for the Ministry of Economic Planning and Development, 
Sswaziland and European Development Fund. European Union.  
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                326 
 
Walliman, N. (2005). Your Research Project. London: Sage Publication. 
Wang, C., Li, Y., Liu, J., Xiang, L., Tian, P., and Shi, J. (2008). Heavy Metal Load Attached to 
Street Particles and the Relationship with Particle Surface Area. 
Water Engineering and Development Centre (WEDC). (2004). Research Skills 2004 Course 
Work 1: Learning Logs 1 to 4. (Unpublished Course Work Materials) WEDC, 
Loughborough University, Loughborough, UK.  
Water Engineering and Development Centre (WEDC). (2007). Unit 3: Preliminary & Primary 
Treatment. WEDC, Loughborough University, Loughborough, UK. 
Water Engineering and Development Centre (WEDC). (2007). Unit 9: Industrial Wastewater 
Treatment. WEDC, Loughborough University, Loughborough, UK. 
Webb, C. (1989). Action Research: Philosophy, Methods and Personal experience. In Kitson A 
(Ed.). Nursing Art and Science. London: Chapman and Hall.  
Wiley, (1999). Laboratory Manual for the Examination of Water, Wastewater and Soil. HH 
Rump. 
Wright, A. M. (1997). Toward a Strategic Sanitation Approach: Improving the Sustainability of 
Urban Sanitation in Developing Countries. Washington DC: World Bank. 
Wright, A.E., Savenije, H.H.G., and van der Zaag, P.  (1997). The Development of a 
Collaborative Master Degree Programme in Integrated Water Resources Management in 
Southern and Eastern Africa. International Conference on Engineeering Education 
Session 7D7, August 6-10, 2001, Oslo, Norway. 
World Commission on Environment and Development. (1987). Our Common Future: World 
Commission on Environment and Development. Oxford: Oxford University Press. 
WWAP (World Water Assessment Programme). (2006). The United Nations World Water 
Development Report 2. Water: A Shared Responsibility. Paris: United Nations 
Educational, Scientific and Cultural Organization, and New York: Berghahn Books. 
WWF. (2008). Infrastructure Problems: River Navigation Schemes. WWF. Available at 
www.panda. org/ about_ wwf/what_we_do/freshwater/ problems/infrastructure/river_ 
navigation/index.cfm [Last accessed 10/08/ 2010]. 
WWF. (2001). Nile Delta Flood Savanna (PA0904). Wild World Report. Unpublished report to 
WWF-US, Washington, DC. Available at http://www.worldwildlife.org/wildworld/ 
profiles/terrestrial/pa/pa0904_full.html (Last accessed 10/08/ 2010). 
World Health Organization (WHO). (2004). Evaluation of the Costs and Benefits of Water and 
Sanitation Improvements at the Global Level. Geneva: WHO. Available at 
http://www.who.int/water_sanitation_health/ wsh0404.pdf [Last accessed 08 May 2010]. 
 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
References                327 
World Health Organization (WHO). (2002). WHO Country Cooperation Strategy, Swaziland 
2002-2005. Mbabane, Swaziland. 
Woodiwiss, F.S. (1964).    The Biological System of Stream Classification used by the Trent 
River Board. Pollution and Fisheries Department, Trent River Board. Chemistry and 
Industry. Pp 443-447. 
World Health Organization, United Nations Children's Fund, & Water Supply and Sanitation 
Collaborative Council. (2000). Global Water Supply and Sanitation Assessment 2000 
Report.  
WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation. (2010). Progress 
on Sanitation and Drinking-water: 2010 Update. Geneva: WHO Library Cataloguing-in-
Publication Data Available at http://www.wssinfo.org/fileadmin/ user_upload/resources/ 
1278061137-JMP_report_2010_en.pdf [Last accessed 03/03/ 2011]. 
Wong, C.M, Williams, C.E, Pittock, J, Collier, U & Schelle P. (2007). World‟s Top 10 Rivers at 
Risk. Gland, Switzerland. Pp: WWF International. Available at http://www.unwater. 
org/downloads/worldstop10riversatriskfinalmarch13_1.pdf  [Last accessed 13/03/ 2011]. 
Yin, R.K. (1989). Case Study Research: Design and Methods. London: Sage Publications.  
Yin, R.K. (1993). Applications of Case Study Research. London: Sage Publications.  
Yin, R. (1994). Case Study Research Volume 4. London: Sage Publications.  
Yin, R. (2003). Case Study Research. Volume 5. London: Sage Publications. 
Yongenawe Environmental Action Group. (Undated). Another Textile Shell in Matsapha. 
Available from http://www.yongenawe.com/03resources/newsletters/vol2iss2/vol2iss2 
texray.html [Last accessed 15/10/2007] 
Yongenawe Environmental Action Group. (Undated). Health and Environmental Impacts of Pulp 
and Paper Mills. Available from  http://www.yongenawe.com/03resources/newsletters/ 
vol2iss3/vol2iss3envhealtheffectsofpulppaperindustries.html [Last accessed 15/10/2007]. 
Zwane, S. (2006). Fractionation of Heavy Metal in Surface Water of the Little Usuthu River and 
the Matsapha Waste Water      Treatment Pond. University of Swaziland, Facult of 
Science. Dissertation (BSc) - University of Swaziland, 2007. 
 
 
 
  
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Glossary of Terms                328 
Glossary of Terms 
 
Applied research: - Research conducted in a particular setting with the specific objective 
of solving an existing problem in the situation (Sekaran, 2003). 
Access to improved drinking water sources (%): - Figures provided by WHO/UNICEF. 
According to their definition, it refers to the percentage of the population with reasonable 
access to an adequate amount of water from an improved source such as a household 
connection, public stand-pipe, borehole, protected well or spring, and rainwater collection. 
Unimproved sources include vendors, tanker trucks, and unprotected wells and springs 
(AQUASTAT-FAO, 2005). the definition of ‗access‘ to water supply services is given as  
the  availability of at least 20 litres of drinking water per person per day from an improved 
source within 1 kilometre of the user‟s dwelling (WHO/UNICEF, 2004). 
Anthropogenic pollution: - The man-made or man-induced alterations of the chemical, 
physical, biological, or radiological integrity of water (US Clean Water Act, 1972; in 
Hendricks, 2006). 
Axiology: - A theory about the nature of values and value judgements. Distinctions are 
usually made among aesthetic values (concerning the beauty of an object or action), 
moral values (concerning whether something is good or right), and scientific or intellectual 
values (concerning the coherence and adequacy of a theory) (Saunders et al. 2007). 
Basic (Fundamental) research: - Research conducted to generate knowledge and 
understanding of phenomena (in the work setting) that would add to the existing body of 
knowledge (about organizations and management theory (Sekaran, 2003). 
Bioaccumulation The increase in concentration of a chemical in organisms that reside in 
contaminated environments. Also used to describe the progressive increase in the amount 
of a chemical in an organism resulting from rates of absorption of a  substance in excess 
of its metabolism and excretion (UNEP, 2007). 
Biochemical oxygen demand (BOD): -The amount of dissolved oxygen, in milligrams 
per litre, necessary for the decomposition of organic matter by micro-organisms, such as 
bacteria. Measurement of BOD is used to determine the level of organic pollution of a 
stream or lake. The greater the BOD, the greater the degree of water pollution (UNEP, 
2007). 
Capital : - Resource that can be mobilized in the pursuit of an individual‘s goals. Thus, we 
can think of natural capital (natural resources such as land and water), physical capital 
(technology and artefacts), social capital (social relationships, networks and ties), financial 
capital (money in a bank, loans and credit), human capital (education and skills) (UNEP, 
2007). 
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Catchment (area): - The area of land bounded by watersheds draining into a river, basin 
or reservoir (UNEP, 2007). 
Clean technology (also environmentally sound technology): - Manufacturing process 
or product technology that reduces pollution or waste, energy use or material use in 
comparison to the technology that it replaces. In clean as opposed to ―end-of-pipe‖ 
technology, the environmental equipment is integrated into the production process 
(UNEP, 2007). 
Climate change: - Any change in climate over time, whether due to natural variability or 
as a result of human activity. (The UN Framework Convention on Climate Change defines 
climate change as ―a change of climate which is attributed directly or indirectly to human 
activity that alters the composition of the global atmosphere and which is in addition to 
natural climate variability observed over comparable time periods‖ (UNEP, 2007). 
Climate variability: - Variations in the mean state and other statistics (such as standard 
deviations and the occurrence of extremes) of the climate on all temporal and spatial 
scales beyond that of individual weather events. Variability may be due to natural internal 
processes in the climate system (internal variability), or to variations in natural or 
anthropogenic external forcing (external variability) (UNEP, 2007). 
Cross-cutting issue: - An issue that cannot be adequately understood or explained 
without reference to the interactions of several dimensions that are usually treated 
separately for policy purposes. For example, in some environmental problems economic, 
social, cultural and political dimensions interact with one another to define the ways and 
means through which society interacts with nature, and the consequences of these 
interactions for both (UNEP, 2007). 
Causal study: - A research study conducted to establish cause-and-effect relationships 
among variables (Sekaran, 2003). 
Command-and-control instruments: -Refer to regulatory measures deployed to 
manage water quality (DWAF, 1999). 
Confidence: - The probability estimate of how much reliance can be placed on the 
findings; the usual accepted level of confidence in social science research is 95% 
(Sekaran, 2003). 
Construct/measurement validity: - Is the extent to which your measurement questions 
actually measure the presence of those constructs you intended them to measure 
(Saunders et al. 2006). 
Constructivism: - An ontological position that asserts that social phenomenon and their 
meanings are continually being accomplished by social actors. It is antithetical to 
objectivism and essentialism (Bryman, 2004). 
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Contaminant: - Physical, chemical, biological, or radiological substance or matter in 
water (Safe Drinking Water Act, 1974 in Hendricks, 2006).  
Constituents: - Individual compounds, elements, or biological entities such as suspended 
solids or ammonia nitrogen (Metcalf and Eddy, 2003). 
Country Name & Abbreviation: - During the study the researcher found that Swaziland 
has various names depending on the source of information. The researcher standardized 
on the following names and abbreviations: 
Names: Swaziland, Kingdom of Swaziland, Eswatini, Kingdom of Eswatinii. 
Abbreviations: SZ 
Covering letter: - Letter accompanying a questionnaire, which explains the purpose of 
the survey (Saunders et al. 2007). 
Critical literature review: - Detailed and justified analysis and commentary of the merits 
and faults of the literature within a chosen area, which demonstrates familiarity with what 
is already known about a research topic (Saunders et al. 2007). 
Cross-sectional study: - A research study for which data are collected at one point in 
time to answer a research question (Babbie, 1990),   
Disability Adjusted Life Years (DALYs): - The overall burden of disease is assessed 
using the disability-adjusted life year (DALY), a time-based measure that combines years 
of life lost due to premature mortality and years of life lost due to time lived in states of 
less than full health (WHO, Undated). 
Deception: - Deceiving participants about the nature, purpose or use of the research by 
the researcher (Saunders et al. 2007). 
Dependent variable: - Variable that changes in response to changes in other variables 
(Saunders et al. 2006). 
Descriptive data: - Data whose values cannot be measured numerically but can be 
distinguished by classifying into sets or categories (Saunders et al. 2006). 
Descriptive study: - A research study that portray an accurate profile of persons, events 
or situations (Robson, 2002). 
Descriptive statistics: Statistics such as frequencies, the mean, and the standard 
deviation, which provide descriptive information of a set of data (Sekaran, 2003). 
Direct pollution pathway: - Is a pathway from the source of the pollutant to the media 
without an intervening media (PPRC, 2008).  
Discharge: - ―The emission, deposition, disposal, addition or introduction into the 
environment of a contaminant directly or indirectly from any point source or diffuse source, 
whether stationary or mobile, and whether caused or permitted intentionally or 
unintentionally‖ (MTEC, 2005). 
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Drainage basin (also called watershed, river basin or catchment): - Land area where 
precipitation runs off into streams, rivers, lakes and reservoirs. It is a land feature that can 
be identified by tracing a line along the highest elevations between two areas on a map, 
often a ridge (UNEP, 2007). 
Drinking-water standard or guideline:  - A threshold concentration in a public drinking-
water supply, designed to protect human health. As defined here, standards are the 
Swaziland Government regulations that specify the maximum contamination levels for 
public water systems required to protect the public welfare; guidelines have no regulatory 
status and are issued in an advisory capacity (UNEP Gems/Water programme, 2008). 
Ecological validity: - Refers to a concern with the question of whether social scientific 
findings are applicable to people‘s every day, natural social settings (Bryman, 2004). 
Eco-management and audit scheme (EMAS): -  Is a community based scheme allowing 
voluntary participation by companies performing industrial activities established for 
evaluation and improvement of the environmental performance of industrial activities and 
the provision of relevant information to the public  (Bjarno, 2000). 
Economic instruments: - Refer to making use of economic rationality and market forces 
to change discharge behaviour. These instruments introduce economic incentives or 
disincentives to affect dischargers‘ decision-making (DWAF, 1999). 
Empirical: - Indicates that the information, knowledge, and understanding are gathered 
through experience and direct data collection (Black, 1999). 
Environment: - Means, without being limited to, the atmosphere, water in all of its forms, 
land, soil and subsoil, flora, fauna, energy sources, minerals, topographical formations 
with energy potential, geothermal resources, living resources, landscape resources and 
other elements and factors such as residues, garbage, waste and refuse, noise, living 
conditions in human settlements and man-made products (SG, 1992). 
Environmental management system(s) (EMS): - Is the part of an organization‟s 
management system used to develop and implement its environmental policy and 
manage its environmental aspects” (Aspects International Ltd, 2006). 
Epistemology: - ―the theory of knowledge, especially about its validation and the 
methods used and often used in connection with one‘s epistemological standpoint – how 
one sees and makes sense of the world‖ (Walliman, 2005). 
Eutrophication: - The degradation of water quality due to enrichment by nutrients, 
primarily nitrogen and phosphorus, which results in excessive plant (principally algae) 
growth and decay. Eutrophication of a lake normally contributes to its slow evolution into a 
bog or marsh and ultimately to dry land. Eutrophication may be accelerated by human 
activities that speed up the ageing process (UNEP, 2007). 
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Evapotranspiration: - Combined loss of water by evaporation from the soil or surface 
water, and transpiration from plants and animals (UNEP, 2007). 
Effluent: - In issues of water quality, refers to liquid waste (treated or untreated) 
discharged to the environment from sources such as industrial process and sewage 
treatment plants (UNEP, 2007). 
Endangered species: - A species is endangered when the best available evidence 
indicates that it meets any of the criteria A to E specified for the endangered category of 
the IUCN Red List, and is therefore considered to be facing a very high risk of extinction in 
the wild (UNEP, 2007). 
End-of-pipe technology: - Technology to capture or to transform emissions after they 
have formed without changing the production process. This includes scrubbers on 
smokestacks, catalytic converters on automobile tailpipes and wastewater treatment 
(UNEP, 2007). 
Environmental assessment (EA): - It is the entire process of undertaking a critical and 
objective evaluation and analysis of information designed to support decision making. It 
applies the judgment of experts to existing knowledge to provide scientifically credible 
answers to policy relevant questions, quantifying where possible the level of confidence. It 
reduces complexity but adds value by summarizing, synthesizing and building scenarios, 
and identifies consensus by sorting out what is known and widely accepted from what is 
not known or not agreed. It sensitizes the scientific community to policy needs and the 
policy community to the scientific basis for action (UNEP, 2007). 
Environmental health: - Those aspects of human health and disease that are 
determined by factors in the environment. It also refers to the theory and practice of 
assessing and controlling factors in the environment that can potentially affect health. 
Environmental health includes both the direct pathological effects of chemicals, radiation 
and some biological agents, and the effects (often indirect) on health and well-being of the 
broad physical, psychological, social and aesthetic environment. This includes housing, 
urban development, land use and transport (UNEP, 2007). 
Environmental impact assessment (EIA): - It is an analytical process or procedure that 
systematically examines the possible environmental consequences of the implementation 
of a given activity (project). The aim is to ensure that the environmental implications of 
decisions related to a given activity are taken into account before the decisions are made 
(UNEP, 2007). 
Environmental policy: - A policy initiative aimed at addressing environmental problems 
and challenges (UNEP, 2007). 
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Experimental research design: - A study design in which the researcher might create an 
artificial setting, control some variables, and manipulate the independent variable to 
establish cause-and-effect relationships (Sekaran, 2003). 
Explanatory study: - Research that focuses on studying a situation or a problem in order 
to explain the relationships between variables (Saunders et al. 2006). 
Exploratory study: - Research that aims to seek new insights into a phenomenon, to ask 
questions, and to assess the phenomenon in a new light (Saunders et al. 2006). 
External validity/generalizability: - Refers to the extent to which results from a study 
can be generalized beyond the particular study (de Vaus, 2001). 
Field experiment: - An experiment  done to detect cause-and-effect relationship in the 
natural environment in which events normally occur (Sekaran, 2003). 
Field Study: - a study conducted in the natural setting with a minimal amount of 
researcher interference with the flow of events in the situation (Sekaran, 2003). 
Freshwater ecosystems: - They are: rivers, streams, lakes, ponds, groundwater, cave 
water, springs, floodplains, and wetlands (bogs, marshes, and swamps) (Wong et al. 
2007). 
Frequencies: - The number of times various subcategories of a phenomenon occur, from 
which the percentage and cumulative percentage of any occurrence can be calculated 
(Sekaran, 2003). 
Geographic information system: - A computerized system organizing data sets through 
a geographical referencing of all data included in its collections (UNEP, 2007).  
Generalizability: - The extent to which the findings of a research study are applicable to 
other settings (Saunders et al. 2007). 
Global (international) environmental governance: - The assemblage of laws and 
institutions that regulate society-nature interactions and shape environmental outcomes 
(UNEP, 2007). 
Gross domestic product (GDP): - Figures provided by the World Development 
Indicators (WDI), the World Bank‘s premier annual compilation of data about development 
(http://www.worldbank.org/data/). GDP is there defined as the sum of the value added in 
the agriculture, industry and services sectors. If the value added of these sectors is 
calculated at purchaser values, total value added is derived by subtracting net product 
taxes from GDP (AQUASTAT-FAO, 2005). 
Hazardous waste: - By-products of society that can pose a substantial or potential 
hazard to human health or the environment when improperly managed. Substances 
classified as hazardous wastes possess at least one of four characteristics: ignitability, 
corrosivity, reactivity or toxicity, or appear on special lists (UNEP, 2007). 
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Heavy metals: - A group name for metals and semimetals (metalloids), such as arsenic, 
cadmium, chromium, copper, lead, mercury, nickel and zinc, that have been associated 
with contamination and potential toxicity (UNEP, 2007). 
Human health: - A state of complete physical, mental and social well-being, and not 
merely the absence of disease or infirmity (UNEP, 2007). 
Human well-being: - The extent to which individuals have the ability to live the kinds of 
lives they have reason to value; the opportunities people have to achieve their aspirations. 
Basic components of human well-being include: security, material needs, health and 
social relations (UNEP, 2007). 
Hypothesis: - An educated conjecture about the logically developed relationship between 
two or more variables, expressed in the form of testable statements (Sekaran, 2003). 
Hypothesis Testing: - A means of testing if the if-then statements generated from the 
theoretical framework hold true when subjected to rigorous examination (Sekaran, 2003). 
Hypothetico-deductive method of research: - a seven-step process of observing, 
preliminary data gathering, theorizing, hypothesizing, collecting further data, analyzing 
data, and interpreting the results to arrive at conclusions (Sekaran, 2003). 
Indirect pollution pathway: - Is a pathway that involves one or more additional steps to 
reach an environmental media  (PPRC, 2008). 
Independent variable: - a variable that influences the dependant or criterion variable and 
accounts for (or explains) its variance (Sekaran, 2003). 
Internal validity: - Is the extent to which the structure of a research design enables us to 
draw unambiguous conclusions from our results (de Vaus, 2001). 
Industrial wastewater: - Wastewater that contains a significant proportion of wastewater 
from industrial processes and is usually made up of water that has been used in industrial 
processes/products; water that has been used for cooling; and domestic wastewater from 
canteens and toilets (Metcalf and Eddy, 2003). 
Integrated water resources management (IWRM): - A process which promotes the 
coordinated development and management of water, land and related resources, in order 
to maximize the resultant economic and social welfare in an equitable manner without 
compromising the sustainability of vital ecosystems (UNEP, 2007). 
Institutions: - Regularized patterns of interaction by which society organizes itself: the 
rules, practices and conventions that structure human interaction. The term is wide and 
encompassing, and could be taken to include law, social relationships, property rights and 
tenurial systems, norms, beliefs, customs and codes of conduct as much as multilateral 
environmental agreements, international conventions and financing mechanisms. 
Institutions could be formal (explicit, written, often having the sanction of the state) or 
informal (unwritten, implied, tacit, mutually agreed and accepted). Formal institutions 
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include law, international environmental agreements, bylaws and memoranda of 
understanding. Informal institutions include unwritten rules, codes of conduct and value 
systems (UNEP, 2007). 
Inorganic contaminants: - Mineral-based compounds, such as metals, nitrate and 
asbestos, that naturally occur in some parts of the environment, but can also enter the 
environment as a result of human activities (UNEP, 2007). 
Land use: - The human use of land for a certain purpose. Influenced by, but not 
synonymous with, land cover (UNEP, 2007). 
Licensing and authorization instruments: - Refers to the exercise of control over an 
activity through authorization (allowing or disallowing) and licensing (permitting) of an 
activity. Such control is exerted through allowing or disallowing (authorization) of an 
activity through licence or permit (DWAF, 1999).  
Load: - General term that refers to a material or constituent in solution, in suspension, or 
in transport; usually expressed in terms of mass or volume(UNEP Gems/Water 
programme, 2008). 
Longitudinal study: - A research study for which data are collected over time to answer 
a research question (Babbie, 1990) 
Material Safety Data Sheet (MSDS): Also known as PSDS (Product safety data sheet) or 
a COSHH data sheet in the United Kingdom) is a form with data regarding the properties 
of a particular substance (Wikipedia, Undated). 
Mitigation: - Structural and non-structural measures undertaken to limit the adverse 
impact of natural hazards, environmental degradation and technological hazards (UNEP, 
2007). 
Mixed research method: - Refers to the incorporation of various qualitative or 
quantitative strategies within a single project that may have either qualitative or a 
quantitative theoretical drive. The ―imported‖ strategies are supplemented to the major or 
core method, and serve to enlighten or provide clues that are followed up within the core 
method (Tashakkori and Teddle, 2003). 
Monitoring (environmental): - Continuous or regular standardized measurement and 
observation of the environment (air, water, soil, land use, biota) (UNEP, 2007). 
Non-point source of pollution: - A pollution source that is diffused (so without a single 
point of origin or not introduced into a receiving stream from a specific outlet). Common 
non-point sources are agriculture, forestry, city streets, mining, construction, dams, 
channels, land disposal and landfills, and saltwater intrusion (UNEP, 2007). 
Non-probability sampling: - A sample that has not been selected using a random 
sampling method. Essentially, this implies that some units in the population are more likely 
to be selected than others (Bryman, 2004). 
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Nutrients: - The approximately 20 chemical elements known to be essential for the 
growth of living organisms, including nitrogen, sulphur, phosphorous and carbon (UNEP, 
2007). 
Nutrient pollution: - Contamination of water resources by excessive inputs of nutrients 
(UNEP, 2007). 
Objectivity: - Interpretation of the results on the basis of the results of data analysis, as 
opposed to subjective or emotional interpretation (Sekaran, 2003). 
Organizations: - Bodies of individuals with a specified common objective. Organizations 
could be political organizations (political parties, governments and ministries), economic 
organizations (federations of industry), social organizations (NGOs and self-help groups) 
or religious organizations (church and religious trusts) (UNEP, 2007).  
Organochlorine compound - Synthetic organic compounds containing chlorine. As 
generally used, the term refers to compounds containing mostly or exclusively of carbon, 
hydrogen, and chlorine. Examples include organochlorine insecticides, polychlorinated 
biphenyls, and some solvents containing chlorine (UNEP Gems/Water programme, 2008). 
Ontology: - ―a theory of the nature of social entities‖ (Bryman, 2004). 
Parameter: - ―A measurable variable such as temperature (Metcalf and Eddy, 2003). 
Parsimony: - Efficient explanation of the variance in the dependent variable of interest 
through the use of a smaller, rather than a larger number of independent variables 
(Sekaran, 2003). 
Participatory approach: - Securing an adequate and equal opportunity for people to 
place questions on the agenda and to express their preferences about the final outcome 
during decision making to all group members. Participation can occur directly or through 
legitimate representatives. Participation may range from consultation to the obligation of 
achieving a consensus (UNEP, 2007). 
Persistent environmental problems: - Some of the basic science about cause-and-
effect relationships is known, but often not enough to predict when a turning point or a 
point of no return will be reached, or exactly how human well-being will be affected. The 
sources of the problem are quite diffuse and often multisectoral, potential victims are often 
quite remote from the sources, extremely complex multi-scale ecological processes may 
be involved, there may be a long time between causes and impacts, and there is a need 
to implement measures on a very large scale (usually global or regional). Examples 
include global climate change, stratospheric ozone depletion, persistent organic pollutants 
and heavy metals, extinction of species, ocean acidification, and introduction of alien 
species (UNEP, 2007). 
Persistent organic pollutants (POPs): - Chemicals that remain intact in the environment 
for long periods, become widely distributed geographically, accumulate in the fatty tissue 
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of living organisms and are toxic to people and wildlife. POPs circulate globally and can 
cause damage wherever they travel (UNEP, 2007). 
Persuasive instruments: - They are commonly the non-regulatory, non-economic 
instruments deployed in the management of water quality. Typical examples include 
education, awareness raising, self-regulation and voluntary agreements (DWAF, 1999). 
Point source of pollution: - The term covers stationary sources, such as sewage 
treatment plants, power plants and other industrial establishments, and other, single 
identifiable sources of pollution, such as pipes, ditches, ships, ore pits and smokestacks 
(UNEP, 2007). 
Policy: - Any form of intervention or societal response. This includes not only statements 
of intent, such as a water policy or forest policy, but also other forms of intervention, such 
as the use of economic instruments, market creation, subsidies, institutional reform, legal 
reform, decentralization and institutional development. Policy can be seen as a tool for the 
exercise of governance. When such an intervention is enforced by the state, it is called 
public policy (UNEP, 2007). 
Polychlorinated biphenyls (PCBs) - A mixture of chlorinated derivatives of biphenyl, 
marketed under the trade name Aroclor with a number designating the chlorine content 
(such as Aroclor 1260). PCBs were used in transformers and capacitors for insulating 
purposes and in gas pipeline systems as a lubricant. Further sale for new use was banned 
by law in 1979  (UNEP Gems/Water programme, 2008). 
Polycyclic aromatic hydrocarbon (PAH) - A class of organic compounds with a fused-
ring aromatic structure. PAHs result from incomplete combustion of organic carbon 
(including wood), municipal solid waste, and fossil fuels, as well as from natural or 
anthropogenic introduction of uncombusted coal and oil. PAHs include benzo(a)pyrene, 
fluoranthene, and pyrene (UNEP Gems/Water programme, 2008). 
Pollutants: - Substances which cause damage to targets in the environment. The 
pollutant may be emitted from a source into the environment, through which it travels 
along a pathway till it reaches a target or receptor. The target may be man, or animal or 
plant life, or an inanimate structure (Holdgate, 1979).       
Positivism: - An approach to social research which seeks to apply the natural science 
model of research to investigations of the social world. It is based on the assumption that 
there are patterns and regularities, causes and consequences in the social world, just as 
there are in the natural world (Bryman, 2004). 
Precautionary approach: - The management concept stating that in cases ―where there 
are threats of serious or irreversible damage, lack of full scientific certainly shall not be 
used as a reason for postponing cost-effective measures to prevent environmental 
degradation‖ (UNEP, 2007). 
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Precision: - The degree of closeness of the estimated sample characteristics to the 
population parameters, determined by the extent of the variability of the sampling 
distribution of the sample means (Sekaran, 2003).  
Precipitation: average (mm/year and km³/year): - Average, over space, and time of 
water falling on the country in a year (in height and in volume) (AQUASTAT-FAO, 2005). 
Probability sampling: - A sample that has been selected using random sampling and in 
which each unit in the population has a known probability of being selected (Bryman, 
2004). 
Problem Definition or Problem Statement: - A clear, precise, and succinct statement of 
the question or issue that is to be investigated with the goal of finding an answer or 
solution (Sekaran, 2003). 
Problem: - Any situation where a gap exists between the actual and desired states 
(Sekaran, 2003). 
Purposiveness: - The situation in which research is focused on solving a well-identified 
and defined problem rather than aimlessly looking for answers to vague questions 
(Sekaran, 2003). 
Purposive sampling: - A non-probability sampling procedure in which the judgement of 
the researcher is used to select the cases that make up the sample. This can be done on 
the basis of extreme cases such as heterogeneity (maximum variation), homogeneity 
(maximum similarity), critical cases, or typical cases (Saunders et al. 2007). 
Qualitative study: - Research involving analysis of data/information that are descriptive 
in nature and not readily quantifiable (Sekaran, 2003). 
Questionnaire: - A preformulated written set of questions to which the respondent 
records the answers, usually within rather closely delineated alternatives (Sekaran, 2003). 
Rhetoric: - Appraising or evaluating a problem with effective use of language. Meaning 
arguments in research should be coherent and cohesive, and show skills of reasoned 
judgements and arguing effectively in writing (Saunders et al. 2007). 
Reliability: - Refers to the degree to which a measure of a concept is stable (Bryman, 
2004). 
Research: - A structured inquiry that utilises acceptable scientific methodology to solve 
problems and create new knowledge that is generally applicable (Grinnell, 1993). 
Research design: - A plan, structure and strategy of investigation so conceived as to 
obtain answers to research questions or problems. The plan is the complete scheme or 
programme of the research. It includes an outline of what the investigator will do from 
writing the hypothesis and their operational implications to the final analysis of data 
(Kerlinger, 1986). 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
Glossary of Terms                339 
Research methodology: - A procedure or principle used to collect information on a 
subject by means of defined methods or series of systematic actions or investigation 
(Leedy, 1989). 
Research paradigm: - A cluster of beliefs and dictates which for scientists in a particular 
discipline influence what should be studied, how research should be done (and) how 
results should be interpreted (Bryman, 2004). 
Research philosophy: - Relates to the development of knowledge and the nature of that 
knowledge (Saunders et al. 2007). 
Research strategies: - Broad approaches to research that are concerned with the 
direction and scale of a research project and its underlying philosophy (Denscombe, 
2007). 
River Names: - During the study the researcher found that river names were spelt 
differently depending on the information source. The researcher standardized on the 
following spellings of river names: 
NAME  EQUIVALENT NAME 
Mlumati River               Lomati River, Umlumati River  
Lusushwana River Little Usuthu River, Usushwana River 
Lusutfu River               Great Usuthu River, Great Usutu River, Usuthu 
River, Usutu River    
Lusutfu River Basin  Usuthu River Basin, Usutu River Basin 
Mkhondvo River Assegaai River 
Nkomazi River                        Komati River, Ikomati, River, Inkomati River, 
Nkomati River, Inkomazi   
Phongola River  Pongola River, Pongolo River, Phongolo River 
               
Questionnaire: - A preformulated written set of questions to which the respondent 
records the answers, usually withinrather closely delineated alternatives (Sekaran, 2003). 
Replicability: - The repeatability of similar results when identical research is conducted at 
different times or in different organizational settings (Sekaran, 2003). 
Rigor: - The theoretical and methodological precision adhered to in conducting research 
(Sekaran, 2003). 
Reliability: - Attests to the consistency and stability of the measuring instrument 
(Sekaran, 2003). 
Representativeness of a Sample: - The extent to which the sample that is selected 
possesses the same characteristics as the population from which it is drawn (Sekaran, 
2003). 
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Representative Water Sample: - A sample that meets the objectives of sampling and 
that has been collected at a place that truly represents the water at the point of concern in 
the water supply system (DWAF, 2000). 
Riparian: - Related to, living or located on the bank of a natural watercourse, usually a 
river, but sometimes a lake, tidewater or enclosed sea (UNEP, 2007). 
Run-off: - A portion of rainfall, melted snow or irrigation water that flows across the 
ground‘s surface and is eventually returned to streams. Run-off can pick up pollutants 
from air or land and carry them to receiving waters (UNEP, 2007). 
Sample: - Is a sub-group of the population you are interested in (Black, 1999). 
Sample Size: - The actual number of subjects chosen as a sample to represent the 
population characteristics (Sekaran, 2003). 
Sampling: - The process of selecting a few (sample) from a bigger group (the sampling 
population) to become the basis for estimating or predicting a fact, situation or outcome 
regarding the bigger group (Kumar, 1999).  
Scientific Investigation: - A step-by-step, logical, organized, and rigorous method to 
identify a problem, gather data, analyze them, and draw valid conclusions (Sekaran, 
2003). 
Scientific research: - Is a systematic, controlled empirical and critical investigation of 
hypothetical propositions about the presumed relations among natural phenomena 
(Kerlinger, 1986). 
Snowball sampling: - An interesting approach where subjects with desired traits or 
characteristics give names of further appropriate subjects to be contacted. It is of value 
when there are no lists of population members anywhere, not even identifiable clusters 
(Black, 1999).  
Stakeholders: - A person, group, or organization that has direct or indirect stake in an 
organization because it can affect or be affected by the organization's actions, objectives, 
and policies. Key stakeholders in a business organization include creditors, customers, 
directors, employees, government (and its agencies), owners (shareholders), suppliers, 
unions, and the community from which the business draws its resources (Business 
Dictionary, Undated). 
Statistical conclusion validity: - Refers to the extent to which the study has used design 
and statistical methods appropriately to detect the effects that are present (Bryman, 
2004).  
Sustainable development (SD): - Development that meets the needs of current 
generations without compromising the ability of future generations to meet their own 
needs (WCED, 1987). 
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Surface water: - All water naturally open to the atmosphere, including rivers, lakes, 
reservoirs, streams, impoundments, seas and estuaries. The term also covers springs, 
wells or other collectors of water that are directly influenced by surface waters (UNEP, 
2007). 
Survey: - A research strategy that involves the structured collection of data from a 
sizeable population by using questionnaires, and other techniques such as observation 
and interviews (Saunders et al. 2007). 
Technology: - Physical artefacts or the bodies of knowledge of which they are an 
expression. Examples are water extraction structures, such as tube wells, renewable 
energy technologies and traditional knowledge. Technology and institutions are related. 
Any technology has a set of practices, rules and regulations surrounding its use, access, 
distribution and management (UNEP, 2007). 
Technology barrier: - An identified gap in available technology that needs to be filled (for 
which capability has to be created) in order for proposed product, process or service 
developments to take place (UNEP, 2007). 
Technology transfer: - A broad set of processes covering the flows of know-how, 
experience and equipment among different stakeholders (UNEP, 2007). 
Testability: - the ability to subject the data collected to appropriate statistical tests, in 
order to substantiate or reject the hypotheses developed for the research study (Sekaran, 
2003). 
Test-Retest Reliability: - A way of establishing the stability of the measuring instrument 
by correlating the scores obtained through its administration to the same set of 
respondents at two different points in time (Sekaran, 2003). 
Theoretical Framework: - A logically developed, described, and explained network of 
associations among variables of interest to the research study (Sekaran, 2003). 
Total maximum daily load: - The amount of pollution that a water body can receive and 
still maintain water quality standards and beneficial uses (UNEP, 2007). 
Validity:  - A concern with the integrity of the conclusions that are generated from a piece 
of research (Bryman, 2004). 
Wastewater characteristics: - General classes of wastewater constituents such as 
physical, chemical, biological and biochemical (Metcalf and Eddy, 2003). 
Wastewater effluent: - A combination of liquid or water-carried wastes removed from the 
residences, institutions, and commercial and industrial establishments, together with such 
groundwater, surface water, and storm water as may be present (Metcalf and Eddy, 
2003). 
Wastewater treatment: - Any of the mechanical, biological or chemical processes used 
to modify the quality of wastewater in order to reduce pollution levels (UNEP, 2007). 
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Water-based diseases: - Water-based diseases are those in which water provides the 
habitat for part of the life-cycle for host organisms of parasites ingested (for example 
bilharzia) (AQUASTAT-FAO, 2005).  
Water-borne diseases: - Water-borne diseases are those diseases arising from infected 
water, and which may be transmitted when the water is used for drinking or cooking (for 
example cholera, typhoid) (AQUASTAT-FAO, 2005).  
Water-related insect vector diseases: - Water-related insect vector diseases are those 
in which insect vectors rely on water as a habitat, but transmission is not through direct 
contact with water (for example malaria, onchocerciasis or river blindness and 
elephantiasis) (AQUASTAT-FAO, 2005). 
Water quality: - The microbiological, physical, and chemical properties of water that 
determine the fitness for uses for a particular purpose. These properties are determined 
by substances which are either dissolved or suspended in the water (DWAF, 2000:2001). 
Water scarcity: - Occurs when annual water supplies drop below 1 000 m3 per person, or 
when more than 40 per cent of available water is used (UNEP, 2007). 
Water stress: - Occurs when low water supplies limit food production and economic 
development, and affect human health. An area is experiencing water stress when annual 
water supplies drop below 1 700 m3 per person (UNEP, 2007). 
Water use:- Water use includes taking and storing water, activities which reduce stream 
flow, waste discharges and disposals, controlled activities, altering a water course, 
removing water found underground for certain purposes, and recreation (Bowens, 2006). 
Unit(s) of Analysis: - ―The level of aggregation of the data collected during the 
subsequent data analysis stage‖ (Sekaran, 2003).  
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List of Appendixes 
 
Appendix 1.1: Swazi Observer Report on Riparian Community Complaint on 
Pollution of the Lusushwana River by the Matsapha Wastewater Treatment Plant  
 
Source: Mabuza, 2009 
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Appendix 2.1: Ecological/Physiological Zones of Swaziland  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: SEA, 2002   
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Appendix 2.2: Characteristic Features of the Ecological Zones of Swaziland  
ECOLOGIC
AL ZONE 
ALTITU
DE 
(MIN-
MAX) 
LANDFOR
M 
TOPOGRAPHY SLOP
E 
(%) 
GEOLOGY MAIN 
VEGETATION 
TYPE 
CLIMAT
E 
TEMPERATURE 
(°С) 
RAINFA
LL (mm) 
Summ
er 
Winter Minimu
m-
Maximu
m 
Highveld 900-
1800 
Medium to 
high hills 
and 
plateaux 
Steeply 
dissected 
escarpment, 
transitions to, 
undulating 
plateaux 
18 Granite, gneiss, 
quartzite, lava 
Short 
grassland with 
forest patches 
Sub-
humid to 
temperat
e 
33 4.5 1016-
2288 
Upper 
Middleveld 
300-
1000 
Medium to 
low hills and 
basins 
Rolling 
piedmont, 
isolated hills and 
hilly plateau 
remnants and 
undulating 
basins 
12 Gramodiorite 
granite 
Tall grassland 
with scattered 
trees and 
shrubs, broad 
leaved 
savannah 
Sub-
tropical 
37 2.5 762-
1143 
Lower 
Middleveld 
400-800 Plain 
associated 
low hills 
Rolling 
piedmont, 
undulating 
basins, isolated 
hills 
12 Gneiss 
Granite 
granodiorite 
Tall  grassland 
with scattered 
trees and 
shrubs, broad 
leaved 
savannah 
Sub-
tropical 
37 2.5 762-
1143 
Western 
Lowveld 
250-500 Plain Undulating, part 
rolling 
3 Sandstone/clayst
one 
Dolerite instusius 
granite/granodiori
te 
Mixed 
savannah with 
deciduous and 
acacia trees 
Sub-
tropical to 
Semi-arid 
42 -2.6 508-590 
Eastern 200-500 Plain Gently 3 Sandstone/clayst Mixed Sub- 42 -2.6 508-590 
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Lowveld undulating, part 
rolling 
one dolerite 
intrusions granite 
granodiorite 
savannah with 
deciduous and 
acacia trees 
tropical to 
Semi-arid 
Lubombo 250-750 Plateau 
dissected 
Undulating 
cuesta, part hilly 
and steeply 
dissected 
escarpment 
5 Ignimbrite Hillside bush 
and plateau 
savannah 
Sub-
tropical 
37 2.5 762-
1143 
Source: Adapted from Mwendera et al. 2002; Mushala et al. 1997; Remmenzwaal, 1993; MPWT, 2001; MEE, 2006 
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Appendix 2.3: Swaziland River Basins 
Source: SG, 2009 
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Appendix 2.4 (a): A Range of Macro-invertebrate Species used in Biological Water 
Quality Assessment 
 
Source: Woodiwiss, 1964). 
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Appendix 2.4 (b): A Range of Macro-invertebrate Species used in Biological Water 
Quality Assessment 
 
Source: Woodiwiss, 1964). 
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Appendix 2.5: Swaziland Water Services Corporation Potable Water Standards 
 
Source: Swaziland Water Services Corporation, Undated 
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Appendix 2.6: Swaziland Water Services Corporation Wastewater Standards 
 
Source: Swaziland Water Services Corporation, Undated 
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Appendix 2.7: Schedule One (Regulations 2 & 3) Water Quality Objectives 
PARAMETERS STANDARD/OBJECTIVE 
Physic-Chemical 
Parameters 
 
Dissolved oxygen minimum of 4 mg/ℓ (surface water only) 
pH minimum 6.5 and maximum 8.5 
EC 1800 μ/cm maximum 
Turbidity 5 Nephelometric units maximum 
Hardness  1000 mg/ℓ maximum (as calcium 
carbonate) 
Chemical Oxygen Demand 10 mg oxygen/ℓ maximum 
Biochemical Oxygen 
Demand 
5 mg oxygen/ℓ maximum 
Anions  
Nitrate 10 mg N/ℓ (as nitrogen) maximum 
Nitrite 0.2-3 mg N/ℓ (as nitrogen) maximum 
Ammonia 0.6 mg N/ℓ maximum 
Fluoride 1.0 mg/ℓ maximum 
Cations  
Iron 1 mg/ℓ maximum 
Manganese 0.5 mg/ℓ maximum 
Mercury 0.001 mg/ℓ maximum 
Cadmium 0.003 mg/ℓ maximum 
Aluminium 0.2 mg/ℓ maximum 
Microbiological Parameters  
Total Coliforms 1 – 1 0 per 100 mℓ maximum 
Faecal Coliforms 1 – 1 0 per 100 mℓ maximum 
Source: Swaziland Government, 1999 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
List of Appendixes                353 
Appendix 2.8: Schedule Two - Effluent Standards (Regulations 2 and 4) 
PARAMETER/SUBSTANCE UNITS  
OF 
MEASUREMENT 
LIMIT 
Colour mg/ℓ Pt/Co Scale 20 maximum 
Odour/Taste  not detectable after being, diluted 3 fold 
PH pH units minimum of 5.5 and a maximum of 9.5 
Conductivity ms/m 250 maximum 
Dissolved oxygen % saturation minimum of 75% 
Temperature degrees C maximum of 35 
Chemical oxygen demand mgO2/ℓ 75 maximum 
Biochemical oxygen demand mgO2/ℓ 10 maximum 
Total dissolved solids mg/ℓ maximum of 500 above intake water 
Suspended solids mg/ℓ 25 maximum 
Sodium content mg/ℓ maximum of 50 above intake water 
Soap, oil or grease mg/ℓ 100 maximum 
Residual chlorine mg/ℓ 0.1 maximum 
Free and saline ammonia mg/ℓ 10.0 maximum 
Arsenic mg/ℓ 0.5 maximum 
Boron mg/ℓ 1.0 maximum 
Total chromium mg/ℓ 0.5 maximum 
Copper mg/ℓ 1.0 maximum 
Phenolic compounds (as phenol) mg/ℓ 0.1 maximum 
Phosphate mg/ℓ 2.0 maximum 
Lead mg/ℓ 0.1 maximum 
Cyanide mg/ℓ 0.5 maximum 
Sulphide mg/ℓ 1.0 maximum 
Fluoride mg/ℓ 1.0 maximum 
Zinc mg/ℓ 5.0 maximum 
Cadmium mg/ℓ 0.05 maximum 
Mercury mg/ℓ 0.02 maximum 
Total faecal Coliforms per 100 mℓ 10 maximum 
 Source: Swaziland Government, 1999 
*****The Platinum-Cobalt Scale (Pt/Co scale or Apha-Hazen Scale) is a colour scale that was introduced in 
1892 by chemist A. Hazen. The index was developed as a way to evaluate pollution levels in wastewater. It 
has since expanded to a common method of comparison of the intensity of yellow-tinted samples. It is specific 
to the colour yellow and is based on dilutions of a 500 ppm platinum cobalt solution  
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Appendix 2.9: First Schedule - Industrial Wastewater Effluent Requirements 
(Regulations 1-11) 
CONSTITUENTS MAXIMUM CONCENTRATION  IN MILLIGRAMS PER LITRE 
1. Colour, Odour, Taste Water used for industrial purposes, whether or not it contains 
waste or tailings produced by or resulting from such use 
(herein referred to ―wastewater or effluent‖) shall contain no 
substance in concentration capable of producing colour, odour 
or taste. 
2. Ph The pH of the wastewater or effluent shall be between 5.5 and 
9.5 
3. Dissolved Oxygen The wastewater or effluent shall contain dissolved oxygen to 
the extent of at least 75 per cent saturation. 
4. Temperature The temperature of the wastewater or effluent shall not exceed 
35°C 
5. Chemical Oxygen Demand The chemical oxygen demand of the wastewater or effluent 
shall not exceed 75 milli-grams per litre, after applying the 
chloride correction. 
6. Oxygen Absorbed The oxygen absorbed by the wastewater or effluent from N/80 
potassium permanganate in four hours at 27°C shall not 
exceed 10 milli-grams per litre. 
7. Total Dissolved Solids a. The total dissolved solids content of the wastewater or 
effluent shall not have been increased by more than 500 milli-
grams per litre.  
b.  If the intake water is not public water, such wastewater or 
effluent shall not contain total dissolved solids to an extent 
which, as a result of the disposal of the wastewater or effluent, 
will increase the total dissolved solids content of any public or 
private water, including underground water, to such a degree 
that such water is rendered less fit for the purposes for which it 
is ordinarily used by other persons entitled to the use thereof, 
or for the propagation of fish or other aquatic life, or for 
recreational or other legitimate purposes. 
8. Suspended Solids The wastewater or effluent shall not contain not more than 25 
milli-grams per litre of suspended solids. 
9. Sodium Content a. The total sodium content of the wastewater or effluent shall 
not have been increased by more than 50 milli-grams per litre 
above that of the intake water. 
B.  .  If the intake water is not public water, such wastewater or 
effluent shall not contain sodium to an extent which, as a result 
of the disposal of the wastewater or effluent, will increase the 
sodium content of any public or private water, including 
underground water, to such a degree that such water is 
rendered less fit for the purposes for which it is ordinarily used 
by other persons entitled to the use thereof, or for the 
propagation of fish or other aquatic life, or for recreational or 
other legitimate purposes. 
10. Soap, Oil or Grease The wastewater or effluent shall contain not more than 5 milli-
grams per litre of soap, oil or grease.   
11. Other Constituencies  
Residual Chlorine (as Cl) 0.5 
Free and Saline Ammonia (as N) 10.0 
Arsenic (as As) 0.5 
Boron (as B) 1.0 
Hexavalent Chromium (as Cr) 0.05 
Total Chromium (as Cr) 0.5 
Copper (as Cu) 1.0 
Phenolic Compounds (as Phenol) 0.1 
Lead (as Pb) 1.0 
Cyanide (as CN) 0.5 
Sulphide (as S) 1.0 
Flourine (as F) 1.0 
Zinc (as Zn) 5.0 
Source: Information Adapted from the Swaziland Government, 1967 
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Appendix 2.10: Interim IncoMaputo Surface Water Quality Guideline 
PARAMETER/CONSTITUEN
T/PROPERTY 
UNIT CONCENTRATION
/VALUE 
Colour Mg/L Pt-Co 15 
Odour Dilution factor 3 
Turbidity NTU 5 
PH pH units 6.5-8.5 
Electrical Conductivity mS/m 150 
Ammonia (NH4) mg/L 1.0 
Biochemical oxygen demand mg/L <5 
Chemical oxygen demand mg/L 10 
Chloride mg/L 250 
Dissolved oxygen % Saturation >75 
Fluoride mg/L 0.75 
Nitrate (as NO3) mg/L 50 
Potassium mg/L 50 
Sodium mg/L 200 
Total Phosphate mg/L 2.0 
Sulphate mg/L 250 
Total coliforms No/100 mL 10,000 
Faecal coliforms No/100 mL 2,000 
Faecal streptococci No/100 mL 1,000 
Vibrocholera (non 
agglutinable) 
No/1000 mL Number to be 
communicated  
Copper mg/L 0.02 
Iron mg/L Number to be 
communicated 
Manganese mg/L 0.3 
Pesticides Qualitative  
Source: TPTC, 2008 
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Appendix 2.11: Comparison of Interim IncoMaputo Water Quality Objectives; 
Swaziland’s Water Quality Objectives, Effluent Standards and Industrial Wastewater 
Effluent Requirements  
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Colour - x X x 
Odour/Taste - x X x 
PH x x X x 
Hardness x - - - 
Electrical Conductivity x x X x 
Dissolved oxygen x x X x 
Temperature - x X x 
Chemical oxygen demand x x X x 
Biochemical oxygen demand x x X x 
Turbidity x - - x  
Total dissolved solids - x X - 
Suspended solids - x X - 
Sodium content - x X x 
Soap, oil or grease - x X - 
Residual chlorine x x X - 
Free and saline ammonia - x X x 
Arsenic - x X - 
Boron - x X - 
Total chromium - x X - 
Copper - x X x 
Phenolic compounds (as phenol) - x X - 
Phosphates - x X x 
Lead - x X - 
Cyanides - x X - 
Sulphate - x X x 
Fluorides x x X x 
Nitrate x - - x 
Nitrite x - - - 
Ammonia x - - X 
Zinc - x X - 
Cadmium x x X - 
Mercury x x - - 
Iron x - - x 
Manganese x - - x 
Aluminium x - - - 
Total coliform x x X x 
Faecal coliform x x X x 
Chloride - - - x 
Potassium - - - x 
Calcium - - - x 
Magnesium - - - x 
Escherichia coli - - - x 
Vibrocholera (non agglutinable) - - - x 
Pesticides - - - x 
Source: Adapted from TPTC, 2008; SG 1967:1999 by the Researcher for this Study 
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Appendix 2.12: Chronological Development of Sustainability 
DATE DATE & DEVELOPMENT OUTCOME NOTABLE QUOTATION RELATED TO FRESHWATER ECOSYSTEMS 
1966 Helsinki Convention, Finland, 
1966 
The Helsinki Rules on the Uses 
of the Waters of International 
Rivers 
1. States must prevent any new form of water pollution or any increase in the degree of existing water 
pollution in an international drainage basin which would cause substantial injury in the territory of a co-
basin State; 
2. States should take all reasonable measures to abate existing water pollution in an 
internationaldrainage basin to such an extent that no substantial damage is caused in the territory of a 
co-basin 
1972 The Stockholm Conference,  A Declaration on the Human 
Environment and an action 
plan containing 109 
recommendations 
―The natural resources of the earth, including the air, water, land, flora and fauna and especially 
representative samples of natural ecosystems, must be safeguarded for the benefit of present and 
future generations through careful planning or management, as appropriate‖  
1977 UN Water Conference, held in 
Mar del Plata, Agentina, 1977 
International Drinking Water 
Supply and Sanitation Decade 
(IDWSSD), 1980-1990 
―All peoples, whatever their stage of development and their social and economic conditions, have the 
right to have access to drinking water in quantities and of a quality equal to their basic needs‖ (UN, 
1977) 
1983 World Commission on the 
Environment & Development, 
1983 
The Brundtland Report or Our 
Common Future released in 
1987 
Sustainable Development is defined as ―development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs (WCED, 1987). 
1992 World Conference on  
Environment & Development 
(UNCED) held in Rio dejenaro in 
1992 
Rio Declaration on 
Environment & Development 
with 27 Principles and its blue 
print ―Agenda 21‖  
UNCED Principle 1: - ―Human beings are at the centre of concern for sustainable development. They 
are entitled to a healthy and productive life in harmony with nature‖ (UN, 1992). Agenda 21, Chapter 
18, Protection of the Quality and Supply of Freshwater Resources: Application of Integrated 
Approaches to the Development, Management and Use of Water Resources (UN, 1992) 
1992 The UN conference on Water 
and the Environment, Dublin, 
1992 
The Dublin Principles 1. Freshwater is a finite and valuable resource, essential to sustain life, development and the 
environment. 2. Water development and management should be based on a participatory approach, 
involving users, planners and policy-makers at all levels. 3. Women play a central part in the provision, 
management and safeguarding of water. 4. Water has an economic value in all its competing uses 
and should be recognised as an economic good. 
1996 UN Conference on Human 
Settlements/Habitat II 
The Habitat Agenda ―We shall also promote healthy living environments, especially through the provision of adequate 
quantities of safe water and effective management of waste‖ (World Water Assessment programme, 
Undated). 
1997 UN Convention on the Law of the 
Non-navigable Uses of 
International Watercourses. 
Substantive obligations 
contained in the convention 
To utilize an international watercourse in an equitable and reasonable manner 
Not to cause significant harm to other states, using the same watercourse 
To protect international watercourses and their ecosystems 
International law association: conference on water law, resulting in the Berlin Rules 
1997 
2000  
2003  
2006, 
 1
st
 WWF: Morocco (Marraketch)  
2
nd
 WWF: Netherlands (The 
Hague),  
3
rd
 WWF: Japan (Kyoto) 
Marraketch Declaration 
The Iguaçu Action Plan (IAP) 
and Vision 21 1
st
 Edition of 
World Water Report; 
The World Water Forum  primarily serves four main purposes: To raise the importance of water on the 
political agenda; To support the deepening of discussions towards the solution of international water 
issues in the 21st century; To formulate concrete proposals and bring their importance to the world's 
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
List of Appendixes                358 
2009  4
th
 WWF: Mexico, and  5
th
 WWF: 
Istanbul (Turkey) 
attention; To generate political commitment. 
2000 UN Millennium Development 
Goals (MDGs) September 2000,  
NY 
Millennium Declaration  Goal 1: Eradicate extreme poverty and hunger. Goal 2: Achieve universal primary education. Goal 3: 
Promote gender equality and empower women. Goal 4: Reduce child mortality. Goal 5: Improve 
maternal health. Goal 6: Combat HIV/AIDS, malaria and other diseases. Goal 7: Ensure 
environmental sustainability . Goal 8: Develop a Global Partnership for Development  
2001 International Conference on 
Freshwater, Bonn Water- Key to 
Sustainable Development 
Ministerial Declaration & 
Recommendations for Action 
―Water governance arrangements should protect ecosystems and preserve or restore the ecological 
integrity of groundwater, rivers, lakes, wetlands and associated coastal zones‖. 
The conference recommended priority actions under the following headings: Governance; mobilizing 
financial resources; capacity building and sharing knowledge.  
2002 World Summit on Sustainable 
Development (WSSD), 
Johannesburg (JHB), South 
Africa, 2002 
JHB Declaration on SD JHB Declaration on SD (Extract) - The Challenge we face: We recognize that poverty eradication, 
changing consumption and production patterns and protecting and managing the natural resource 
base for economic and social development are overarching objectives of and essential requirements 
2004for sustainable development‖ (WEDC, undated) 
2004 Berlin Conference, 2004 Berlin Rules on water 
resources 
1. States shall prevent, eliminate, reduce, or control pollution in order to minimize environmental harm. 
2. States shall establish water quality standards sufficient to protect public health and the aquatic 
environment and to provide water to satisfy needs. 
Source: Adapted from UNESCO World Water Assessment Programme, (Undated) 
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Appendix 2.13: Policies & Legislation Applicable to Water Resources Management in Swaziland 
POLICY/ 
LEGISLATION 
REGULATING 
AUTHORITY 
ABSTRACT 
Swaziland Constitution, No. 5, 2005 MJCA The supreme law of the Kingdom of Swaziland. Declares water a national asset. It advocates for the rational 
use of natural resources and conservation of the environment for sustainable development. Sets out legal 
and institutional responsibilities for LGA regarding the environment. 
Swaziland Administration Order, No. 6,  1998 KO  Gives power to the King in Council to issue orders to be followed in Swazi Nation Land to prevent the 
pollution of water.  
Game Act, 1953 (as amended in 1993) KO Provides for the preservation of game and other types of wildlife listed in Royal Game, Common Game 
Schedules. 
Natural Resources Act, No.71, 1951 
 
MNRE Establishes the Natural Resources Board which exercise supervision over natural resources, stimulates 
public interest in the conservation or improvement of natural resources, and recommends proper legislation 
for the conservation, use and improvement of natural resources. Makes provision for the Minister to execute, 
cease or suspend works for the protection of water resources, the disposal and control of storm water, 
mitigation and prevention of soil erosion and the conservation of water. 
Public  Stream Banks Regulations No. 71,  1951 MNRE Outlines the Public Stream Banks Regulations applied to destruction of natural vegetation within 100 m of 
public stream banks. 
The Flora Protection Act, 5/2001   Protects indigenous flora and provides for matters incidental thereto.  The Act prohibits any person from 
plucking, gathering, cutting, uprooting, injuring, breaking or destroying a plant or any species that is listed in 
the Schedule to the Act.   
The Water Act, No.7,  2003 MNRE Declares water a national asset. Establishes the National Water Authority, purpose the preparation of a 
Master Plan to allow for equitable and sustainable use; and conservation of water resources. Gives power for 
the development and adoption of regulations and water quality objectives and sets out institutional structure 
(Department of Water Affairs, Water Apportionment Board, River Basin Authorities, Irrigation Districts, Water 
User Associations) and responsibilities required for water resources management including water and 
wastewater licensing and authorization through water abstraction and discharge permits. 
Swaziland National Trust Commission Act, 
1/1971 
MNRE  Gives powers to the regulating authority to proclaim national parks, monuments, and geological, historical 
and archaeological artefacts.  
Swaziland Electricity Board Act,  1962 MNRE Establishes the SEB, a parastatal corporation responsible for generation and sale of electricity in the country. 
Swaziland Water Services Corporation Act, 
1992 
MNRE Establishes the SWSC, a parastatal responsible for treatment, and distribution of potable water and disposal 
of liquid waste in urban areas. 
Swaziland Environment Authority Act, 1992 SEA Establishes the SEA, the supreme body charged with protecting the Swaziland‘s environment.  
Environment Management Act,  No.5,  2002 SEA Controls waste disposal, air and water pollution, as well as promoting integrated environmental management. 
Environmental Audit, Assessment & Review 
Regulations, 2000 
SEA  Govern that development projects are undertaken in an environmental sustainable manner. Outline the 
process and procedure for attaining environmental compliance certificates through carrying out environmental 
impact assessments and developing environmental comprehensive mitigation plans. 
Waste Regulations, 2000 SEA Guide the management of solid and liquid waste, and set out guidelines on their transportation and disposal. 
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Purification of Industrial Water and Effluent 
Regulations No. 5, 1967 
SEA Provides for the purification of water used for industrial purposes according to the requirements and standard 
established in the First schedule and to the methods of testing set out in the Second Schedule. 
Water Pollution Control Regulations, 1999 
(Draft) 
SEA Regulates the discharge of effluents exceeding effluents for accepting river water quality. 
Ozone Depleting Substances Regulations, 2003 SEA  Regulate the production, trade and use of controlled substances and products, provide a system of data 
collection that will facilitate compliance, promote the use of ozone friendly substances, products, equipment, 
and technology and ensure the elimination of substances and products that deplete the ozone layer. 
National Trust Commission Act, 1972 MTEC Prohibits the pollution of any water in or flowing into a park or reserve, or use of any insecticide, herbicide, 
chemical, or poison in such a way to affect animals or plant life in a park or reserve.  
Mining Act of 1958 MTEC Abolish proprietor right to water running in any mine area by reason of any mining title; and state the 
requirement for attaining a water permit for water use for mining purposes. 
Urban Government Act No. 5, 1965 MHUD  
Building Act, No. 34, 1968 MHUD Restricts the construction of illegal structures, and highlights the need for the provision of means for the 
removal and disposal of all waste material within and in the vicinity of a building. 
Town Planning Act, 45/1961 MHUD Makes provision for physical planning and controlling of urban development; and ensuring order and amenity. 
Provide for the development of town planning schemes which allow for coordinated development, regulating, 
restricting or prohibiting development in urban area. 
Human Settlements Act, 1988 MHUD  Controls the orderly development of existing and future urban settlements; and the establishment of human 
settlements, housing schemes and private housing schemes. 
Public Health Act, No. 5, 1969 MHSW The act relate to Swaziland‘s public health concerns and instruments of addressing them. Requires LGA to 
monitor nuisances and specifically to prevent pollution of any water supply, which the public in their district 
has a right to use, and does use for drinking or domestic purposes, and to purify such polluted supply. 
National Water Policy MNRE Provides for the development, equitable and sustainable utilization and management of water resources in 
Swaziland. 
The Nation Development Strategy, 1999 MEPD The purpose of the NDS is to formulate a vision and mission statement with appropriate strategies for socio-
economic development for the next 25 years and provide a guide for the formulation of development plans 
and for the equitable allocation of resources. It is designed to strengthen the Government‘s development 
planning and management capacities and anchor it firmly to a national consensus on the direction of future 
developments in the country. 
Swaziland Environmental Action Plan, 1997 MTEC The Swaziland Environment Action Plan provides the framework within which Swaziland‘s environment can 
be managed in a sound and sustainable manner. Central to the definition of this framework is the recognition 
of the cross-sectoral nature of our environmental problems, the identification of the relationships which exist 
between the environment and key sectors within the overall macro-economic framework, and the need for 
active and lasting community involvement and participation in environmental protection and natural resource 
management. 
1.SADC Regional Water Policy, 2004 
2.Revised Protocol on Shared Watercourses in 
the SADC region 
MNRE 1. Embodies various pronouncements and principles adopted in the SADC region and international 
\community including the Dublin Principles. 
2. Embodies various pronouncements and principles adopted in the SADC region for guidance of 
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3.Treaty on the Establishment of the Tripartite 
Permanent Technical Committee (TPTC), 1983 
4.Treaty on the Establishment of the Joint Water 
Commission between Swaziland and 
Mozambique (JPTWC), 1999 
5. Treaty on the Establishment of the Joint 
Water Commission between Swaziland and 
South Africa (JWC), 1992. 
6. Interim IncoMaputo Agreement on the 
Sharing of the Water Resources of the Komati 
and Maputo Basins (IIMA), 2002 
7. Treaty on the Establishment of the Komati 
Basin Water Authority, 1992 
8. Agreement on the Management of the 
Lavumisa Government Potable Water Supply 
Scheme, 2004 
9. Memorandum of Understanding between 
Mozambique and Swaziland on the Sharing of 
Water Resources across Boarders, 2009   
establishing water-sharing agreements among member states to foster close cooperation for judicious, 
sustainable and coordinated management, protection and utilization of shared watercourses and advance the 
SADC agenda of regional integration and poverty alleviation. 
3. Establishes the TPTC as a technical advisory organ to facilitate the development of water resources of 
common interest for the countries of Swaziland Republic of South Africa and Mozambique. 
4. Allows for joint water project development and management of the Umbeluzi River, and gives advice on all 
technical matters relating to the river. 
5. Allows for joint water project development and management of the Komati River Basin, and gives advice 
on all technical matters relating to the basin. 
6. .Covers both the Maputo and Inco‘mati River Basin. Among other aspects this is the first agreement 
specifically addressing and specifying water quality standards on shared courses in the SADC region. Article 
6 of the IIMA describes the agreed use of the water resources of the Maputo River Basin.  
 
The Cartagena Protocol on Biosafety to the 
Convention on Biological Diversity 
•The Convention on Biological Diversity 
•Basel Convention on the Control of 
Transboundary Movements of Hazardous 
Wastes and Their Disposal 
•Montreal Protocol on Substances that Deplete 
the Ozone Layer 
•Convention on International Trade in 
Endangered Species of Wild Fauna and Flora 
(CITES) 
•African Convention on the Conservation of 
Nature and Natural Resources 
•United Nations Convention to Combat 
Desertification in those countries Experiencing 
Serious Drought and/or Desertification, 
Particularly in Africa 
•United Nations Framework Convention on 
Climate Change  
SG & MTB International Conventions and Treaties 
 
Source: Adapted from Mwendera et al. 2002; First Environmental Consultants, 2007 
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Appendix 3.1: Contrast between Quantitative & Qualitative Research 
QUANTITATIVE RESEARCH QUALITATIVE RESEARCH 
Assumptions Assumptions 
Facts and data have an objective reality Reality socially constructed 
Variables can be measured and identified. Variables complex and interwoven; difficult to measure.  
Events viewed from outsider‘s perspective. An event viewed from informant‘s perceptive. 
Static reality to life Dynamic quality to life. 
Purpose Purpose 
Prediction Interpretation 
Generalization Contextualisation 
Causal  explanation Understanding the perspectives of others 
Method Method 
Structured Unstructured 
Testing and measurement Data collection using participant observation, unstructured 
interviews 
Commences with hypothesis and theory Concludes with hypothesis and grounded theory 
Manipulation and control Emergence and portrayal 
Deductive and experimental Inductive and naturalistic 
Statistical analysis Data analysis by themes from informants‘ descriptions. 
Statistical reporting Data reported in language of informant. 
Abstract impersonal write-up Descriptive write-up 
Nature of Data Nature of Data 
Hard, reliable Rich, deep 
Scope of Findings Scope of Findings 
Nomothetic Ideographic 
Relationship between Theory Concepts & 
Research 
Relationship between Theory Concepts & Research 
Confirmation Emergent 
Role of Researcher Role of Researcher 
Researcher applies formal instruments Researcher as instrument 
Detachment Personal involvement 
Objective Emphatic understanding 
Distant Close 
Source: Adapted from Burns, 2000; Bryman, 2004 
 
  
                                                                                                                                         
©Mhlanga-Mdluli, P.P. 2012 
 
                363 
Appendix 3.2: Research Questionnaires for the Riparian Communities Downstream 
of Matsapha Industrial Estate 
 
 
 
 
 
 
 
 
 
 
Department of Civil & Building Engineering 
 
 
 
 
 
 
 
 
A PhD Research Survey Questionnaire on Sustainable Environmental Management of the 
Lusushwana River at Matsapha, Kingdom of Swaziland 
 
 
 
―A Semi Structured Open Ended Face to Face Administered Survey Questionnaire for 
Riparian Communities Downstream of Matsapha‖ 
 
July, 2009 
 
 
Michael D. Smith       
Supervisor         
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NOTES ABOUT THE QUESTIONNAIRE 
You are kindly requested to answer this survey questionnaire for a PhD research study on 
sustainable environmental management of the Lusushwana River at Matsapha, Kingdom 
of Swaziland. It is requested that the questionnaire is answered by the appropriate 
(qualified, knowledgeable or experienced) personnel in that operation.  
 
The principal aims of the study are: 
4. To establish whether there is an associationbetween the Matsapha industries and 
the Lusushwana River quality; and the impacts the pollution have on the riparian 
communities downstream of Matsapha.  
5. To recommend practical interventions that can be adopted to minimize water 
pollution by the companies at Matsapha, taking into account social, technical, 
environmental, financial, and institutional factors.  
 
This is a face to face administered questionnaire and the researcher shall fill in answers. It 
is estimated that completing this questionnaire will take no more than 30 minutes. It is 
necessary that all questions are answered as the questionnaire is designed to achieve 
particular research objectives for the study. Your answers will be very useful to the 
successful completion of this PhD study. All answers will remain confidential, will be used 
only for research purposes, and will not be communicated to other parties. It is hoped that 
the research findings will be of benefit to all concerned, including the companies and 
environmental monitoring agencies based in Matsapha, by identifying water and 
wastewater management and monitoring problems, and potential solutions. I am available 
to answer any queries (See contact details below). 
 
Your cooperation is highly appreciated 
 
P.P. Mhlanga-Mdluli* 
Researcher 
 
* To whom all correspondence should be addressed. 
Telephone: (+44) 01509216615; Fax: (+44) 01509223981; E-mail: P.P.Mhlanga@lboro.ac.uk 
United Kingdom Contact Address Swaziland Contact Address 
Phindile Precious Mhlanga 
27 Rivington Drive 
Loughborough, LE11 4EJ 
Leicestershire 
United Kingdom 
Phindile Precious Mhlanga 
P O Box 6116  
Manzini, M200 
Swaziland 
Southern Africa 
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1. Name of community?  
……………………………………………………………………………………………………………. 
2. Name of respondent (Optional)?  
…………………………………………………………………………………………. 
3. Sex of respondent? 
a) Male   b) Female  
4. What is your age (In Years)? 
a) 18-20   c) 31-40   e) 51-60  
b) 21-30   d) 41-50   f) Above 60  
5. How long have you been living in this community (In Years)? 
a) 0-5   d) 21-30   g) 51-60  
b) 6-10   e) 31-40   h) Above 60  
c) 11-20   f) 41-50   i)   
6. What is your highest educational qualification? 
a) Primary School Certificate   e) Bachelor‘s Degree  
b) Secondary School Certificate   f) Post Graduate Degree  
c) High School Certificate   g) Other……………………………  
d) Diploma   h) None  
7 What is your source of income? (Tick all that apply). 
a) Farming   d) Private Sector   g) Statutory Benefits  
b) Fishing   e) Civil Servant   h) Unemployed  
c) Piece Jobs   f) Self Employed   i) Other……………..  
8. What is your income per month or annum? ……………………………… 
 
1. Do you use the Lusushwana River? 
a) Yes   b) No  
2. If you answered ‗Yes‘ to question 2, for what purpose(s) do you use the Lusushwana River? 
(Tick all that apply). 
a) Drinking    e) Recreation   i) Livestock  
b) Cooking    f) Sand Mining   j) Dumping Waste  
c) Bathing   g) Irrigation   k) Other……………..  
d) Washing   h) Fishing       
3. Referring to question 2, rate the importance of the use to you? (5 being the most important 
and 1 the least). 
Use Rate of Importance 
 1 2 3 4 5 
a) Domestic Purposes      
b) Recreation      
Section 1: Respondent Profile 
The objective of this section is to determine the respondent profile. 
Section 2: Sources of Water Supply & Water Uses by the Riparian Communities 
The objective of this section is to determine the sources of water supply and water uses by 
the riparian communities. 
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c) Fishing       
d) Sand Mining      
e) Irrigation      
f) Livestock       
g) Dumping Waste      
h) Other………………………
…. 
     
4. How do you consider the water quality of the Lusushwana River? 
a) Ideal   c) Unacceptable  
b) Acceptable    d) I do not know  
 
1. Do you have any concerns/issues about the water quality of the Lusushwana River? 
a) Yes   b) No  
2. If you answered ‗Yes‘ to question 1, what are your concerns about the water quality of the 
Lusushwana River (Tick all that apply). 
a) Lack of 
Clarity/Turbidity 
  g) Taste  
b) Colour   h) Odour  
c) Foamy   i) Faecal Pollution  
d) Murky/Cloudy   j) Oil Deposit  
e) Hardness   k) Poor Aesthetic 
Appeal 
 
f) Suspended Solids   l) Other……  
3. Referring to question 2, does the condition of the Lusushwana River restrict you from using the 
water?  
a) Yes   b) No  
4. Referring to question 3, rate the constraint on the uses? (Tick all that apply). 
Use Rate of Restriction 
 Very Low Low Moderate High Very High 
a) Domestic Purposes      
b) Recreation      
c) Fishing       
d) Sand Mining      
e) Irrigation      
f) Livestock       
g) Dumping Waste      
h) Other………………………
…. 
                                                         
5. Referring to question 4, do you suffer any economic/livelihood losses as a result of the 
constraint? 
a) Yes   b) No  
Section 3:  Perceptions of Riparian Communities on Pollution of the Lusushwana River 
The objective of this section is to determine the perceptions of the riparian communities regarding 
pollution of the Lusushwana River; and its impacts. 
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6. If you answered ‗Yes‘ to question 5, what are your concerns about economic losses (livelihoods 
impacts) in your community and/or Lusushwana River? 
a) Dying Fish    f) Deformed Fish  
b) Dying Livestock   g) Deformed Livestock  
c) Contamination of 
vegetables 
  h) Livestock Still Births  
d) Damage to equipment   h)   Other……………………  
e) Unproductive Soil      
7. Do you have any concerns/issues regarding human safety impacts in relation to the water quality 
of the Lusushwana River? 
a) Yes   b) No  
8. If you answered ‗Yes‘ to question 8, what are your concerns about human safety impacts in 
relation to the water quality of the Lusushwana River? 
a) Algal Bloom   c) Poor visibility  
b) Euthrophication      e)      Other…………………  
c) Leeches      
9. Do you have any concerns/issues regarding aesthetic impacts in relation to the water quality of 
the Lusushwana River? 
a) Yes   b) No  
10. If you answered ‗Yes‘ to question 9, what are your concerns about aesthetic impacts in relation 
to the water quality of the Lusushwana River? 
a) Taste   e) nuisance plants   
b) Colour    f) discolouration and 
staining  
 
c) Odour    g) Other………………………  
d) objectionable floating matter      
11. Do you suffer any health problem(s) from using the Lusushwana River? 
a) Yes   b) No  
12. If you answered ‗Yes‘ to question 11, what health problem(s) do you suffer from using the 
Lusushwana River? (Tick all that apply). 
a) Diarrhoea & Stomach ache/Problems    f) Headache  
b) Skin Problems   g) Still Births  
c) Nausea and Vomiting   h) Cancer  
d) Malaria   i) Deformations  
e) Bilharzias   j) Other………………………  
13. What evidence do you have for your answer to question 12? 
…………………………………………………………………………………………………………… 
14. What actions do you think can be taken to minimize the impacts arising from using the 
Lusushwana River? 
………………………………………………………………………………………………………………… 
Section 4: Anthropogenic Water Pollution Sources 
The objective of this section is to determine anthropogenic sources of water pollution in 
Matsapha. 
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1. Do you consider the Lusushwana River to be polluted?  
a) Yes   b) No   c) I do not know  
2. If you answered ‗Yes‘ to question 1, where do you consider pollution of the Lusushwana River to 
come from? (Tick all that apply). 
a) Storm water drains   g) Indiscriminate waste disposal  
b) Irrigation water returns     h) Tributaries of the Lusushwana 
River 
 
c) Sewer line   i) Landfill  
d) Storm water run off   j) Other………………………………  
e) Wastewater treatment plant   k) I do not know  
f) Matsapha industries      
3. Which companies in Matsapha discharge their wastewater into the Lusushwana River? 
………………………………………………………………………………………………………………… 
4. .Referring to question 3, please give reason(s) for your answer? 
………………………………………………………………………………………………………………… 
5. Do you think pollution of the Lusushwana River at Matsapha is increasing or decreasing? 
a) Highly Increasing   d) Highly decreasing  
b) Increasing   e) Decreasing  
c) Neither increasing or decreasing   f) I do not know  
6. Referring to question 5, please give reason(s) for your answer? 
……………………………………………………………………………………………………………… 
7. When is pollution of the Lusushwana River intense? 
a) Summer   e) All year round  
b) Autumn   f) Other.................  
c) winter   g) I do not know  
d) Spring      
8. Have you noticed any improvement on the water quality of the Lusushwana River lately? 
a) Yes   b) No  
9. Referring to question 6, please give reason(s) for your answer? 
………………………………………………………………………………………………………………… 
10. Would you be willing to discuss with other stakeholders on how pollution of the Lusushwana 
River could be minimized?  
a) Yes   b) No  
 
1. Do you consider that the Lusushwana River is fit for human use? 
 
2. What evidence do you have for your answer to question 1? 
………………………………………………………………………………………………………………… 
3. Are you aware that there are laws in the country (national legislation) that are used to minimize 
pollution to the Lusushwana River?  
a) Yes   b) No   c) I do not know  
Section 5: Water & Wastewater Policy and Legislation 
The objective of this section is to determine legislation awareness, and its effective enforcement.  
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a) Yes   b) No  
4. If you answered ‗Yes‘ to question 3, do you think that the laws are enforced on polluters of the 
Lusushwana River?  
a) Yes   b) No   c) I do not know  
5. If you answered ‗No‘ to question 4, according to your knowledge, why do you think the laws are 
not enforced (barriers/deterrents/constrains) on polluters of the Lusushwana River?  
a) Lack of Legal Support   f) Inadequacies in Legislation  
b) Political Interference   g) Lack of Supporting Legislation  
c) Lack of Power   h) Lack of Awareness  
d) Lack of Scientific Evidence   i) Other………………………………  
e) Fear of Law Suit   j) I do not know  
6. If you answered ‗Yes‘ to question 4, is the legislation effective?  
a) Very effective   d) Ineffective  
b) Effective   e) Very ineffective  
c) Neither effective nor ineffective   f) I do not know  
7. If you answered ‗d or e‘ to question 6, why is the legislation not effective? 
a) Lack of Effective Monitoring   e) Political Interference  
b) Lack of Enforcement   f) Bureaucracy in Legal System  
c) Lack of Pressure   g) Other……………………………………  
d) Lack of Awareness   h) I do not know  
8. Do you agree that environmental monitoring agencies should regularly monitor water quality of 
the Lusushwana River? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
9. Do you agree that environmental monitoring agencies should enforce legislation on operators of 
activities/operations at Matsapha? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
10. Do you agree that you should receive information from Environmental Monitoring Agencies 
regarding the water quality of the Lusushwana River? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
10. Do you agree that you should collaborate with other stakeholders in order to minimize pollution 
of the Lusushwana River? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
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1. Which companies in Matsapha discharge their wastewater into the Lusushwana River? 
………………………………………………………………………………………………………………… 
2. .Referring to question 1, please give reason(s) for your answer? 
............................................................................................................................... 
3. Have you complained about pollution of the Lusushwana River? 
a) Yes   b) No  
4. If you answered ‗Yes‘ to question 3 whom do you complain to? 
…………………………………………………………………………………………………………… 
5. Can you give an example of a complaint?  
a) Health issues   e) Dying livestock  
b) Poor water quality   f) Contaminated vegetables  
c) Wastewater discharge into Lusushwana 
River 
  g) Other...............................................  
d) Dying Fish   h)   
6. Referring to question 5, give the response to that complaint? 
………………………………………………………………………………………………………………… 
7. Referring to question 6, what actions have been taken to address the complaint? 
…………………………………………………………………………………………………………… 
8. What motivates (drivers/encourage) you to report pollution of the Lusushwana River?  
………………………………………………………………………………………………………………… 
9. What prevent or deter (barriers/deterrents) you from reporting pollution of the Lusushwana 
River? 
………………………………………………………………………………………………………… 
10. Do you agree that companies at Matsapha should not be allowed to discharge wastewater 
directly into the Lusushwana River? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
11. Do you agree that you should report pollution of the Lusushwana River to environmental 
monitoring agencies? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
12. Do you agree that effective communication mechanisms and systems for addressing pollution 
complaints are necessary in structures where communities lodge complaints? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
Section 6: Pollution Complaints by the Riparian Communities 
The objective of this section is to determine if the riparian communities complain (or report) about 
pollution of the Lusushwana River; whom they complain (report) to and the actions taken to 
address the complaints (reports). 
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c) Neither agree nor disagree   f) I do not know  
 
1. Are you aware of significant environmental issues in your community? 
a) Yes   b) No  
2. What are the most significant environmental issue in your community?  
a) Water pollution   j) Soil contamination  
b) Air pollution   k) Pests infestation  
c) Waste   l) Hazardous waste  
d) Destruction of Fauna   m) Liquid waste  
e) Destruction of Flora   n) Solid waste  
f) Destruction of wetlands   o) None   
g) Livelihood impacts   p) I do not know  
h) Water-borne diseases   q) Other…………………………………
… 
 
i) Occupational diseases & injuries      
3. Do environmental monitoring agencies raise awareness on significant environmental issues in 
your community? 
a) Yes   b) No   c) I do not know  
4. Do you agree that environmental monitoring agencies should raise awareness on significant 
environmental issues in your community? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
5. Do environmental monitoring agencies monitor environmental pollution in your community? 
a) Yes   b) No   c) I do not know  
6. Do you agree that environmental monitoring agencies should regularly monitor environmental 
pollution in your community? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
7. Do you have a community institution for water pollution monitoring in your community? 
a) Yes   b) No   c) I do not know  
8. Do you agree that there should be an institution for water pollution monitoring in your 
community? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
Section 7: Environmental Awareness 
The objective of this section is to determine pollution awareness level in the riparian 
communities downstream of Matsapha. 
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1. Do you agree that environmental monitoring agencies should regularly monitor 
activities/operations in Matsapha? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
2. Do you agree that environmental monitoring agencies should enforce legislation on 
activities/operations in Matsapha? 
a) Strongly agree   d) Strongly disagree  
b) Agree   e) Disagree  
c) Neither agree nor disagree   f) I do not know  
3. What incentives and disincentives (rewards/carrots and penalties/sticks) do you consider 
appropriate to be enforced on companies at Matsapha in order to minimize pollution of the 
Lusushwana River? (Tick all that apply). 
Incentives/Rewards/Carrots  Disincentives/Penalties/Sticks 
a) Publicly praising none polluting operators   a) Naming and shaming polluters  
b) Education & technical advice   b) Compensations  
c) Rewards/Awards    c) Prosecution & penalties  
d) Financial incentives   d)  Withdraw discharge permits   
e) Other 
……………………………………………. 
  e) Withdraw operational licences  
f) I do not know   f) Other…………………………………  
       
 
 
 
  
The End of the Questionnaire 
Thank You 
Section 8: Incentives & Disincentives Appropriate to Minimize Pollution to the 
Lusushwana River 
The objective of this section is to determine suitable incentives/rewards to non-polluters and disincentives/sticks appropriate to 
polluters of the Lusushwana River. 
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Appendix 4.1: Matsapha Waste Water Treatment Plant 
 
 
Key: A: aeration pond, F: facultative pond, M: maturation ponds. 
 
 
